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PREFACE 
TO THE PRINTED REPORT. 



In the present Report the results of a busy period of investigation and 
travelling in Lower Slam are land down. 

The Report was written for the Siamese Government, so a great many of the 
particulars concerning the country could be considered as already known to the readers 
and therefore were simply referred to or hinted at. 

When however H. E. the Minister of Agriculture ordered the Report to be 

printed, it was thought fit to insert some explanations and add some notes on behalf 
of such readers as are little or not aquainted with Siam- 

Moreover a few statements were elaborated according to information obtained 
or papers received after the Report had been forwarded. 

As I had to write the Report in a foreign language, I beg the forbearance of 
the English speaking reader for such linguistic constructions as he finds perhaps some- 
what strange. The Report is, of course, to be considered from a technical, and not 
from a literary point of view. 

Finally I wish to state that I am greatly indebted to Mr. A. Cecil Carter, M. A. 
Director of King's College, Bangkok, who kindly assisted me in revising the 
proofsheets and in the mean time applied such linguistic corrections, as seemed 
desirable for a clear understanding. 

J. ROMAN VAN DER HEIDE. 
Bangkok, June 1903. 



BaiiQ-kok, January Mth, 1903. 



To 

HIS EXCELLENCY 

THE MINISTER OP AGRICULTURE, 

BANGKOK. 



SIR, 

I have the honour to lay before Your Excellency the accompanying General 
Meport on Irrigation and Drainage in the Lower Siam Valley. 

In this Report are laid down the results of my investigations into this matter 
during my now eight months stay 'in Siam. 

Besides An elaboration and studying records and papers available and inquiring 
for information in various places, this period has been spent principally in travelling 
in the regions concerned and in performing observations luith regard to the rivers. 

As the records available were rather scarce, the regions concerned very extensive 
and travelling in many cases rather slow in Lower Sia,m, my investigations of course 
could not but bear a general and provisional character. 

This must be taken into consideration in the first place in regard to the 
accompanying Report, which of course is not meant to give any detailed plan, but only 
to show the possibility and utility of adequate irrigation and drainage in Lower Siam 
and to indicate the outlines of the principal scheme, in order to form a basis of provisional 
consideration for the Government, and further to point out the direction in with plans 
should he made. 



I should here Uke to staie that only Your Excellenoy's Iceen interest in the 
matter and the great help and assistance I have received from the officials of the 
Departments belonging to Your Ministry, as well as of those of several other Departments 
and of the Interior Administration, have enabled me to investigate the matter so far 
as the Report shows, in this somewhat short space of time. 

Specially I am indebted to Mr. W. A. Graham, Director of Land records, Mr. 
B. W. Giblin, Director General of the Boyal Survey Department, Mr. H. Gehrts, Director 
General of Bailivays, Mr. E. Ambrose, Assistant Director General of the Custom De- 
partment and Dr. Yai Suapan Sanit Wongse, Acting Director of the Siam Canals, Land 
and Irrigation Company, for most kindly procuring me the records, maps and much most 
valuable information, referring to the matter, and other most useful help. 

I have the honour to be 

Your Excellency's obedient servant, 

(Signed), J. HOMA.N VAN DER HEIDE. 



GENERAL REPORT 

ON 

IRRie,ATI©H ANfB BRAINfAGl 

IN THE 

LOWER MENAM VALLEY. 
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Introduction. in all matters of irrigation and drainage the main object is the increase of the 

regular produce of the soil, although other considerations, such as communications 
and sanitation, may also be of great importance in any such scheme. 

The economical results desired are principally to be obtained by means of 
agricultural operations ; it is therefore necessary to discuss the question not only 
from the technical, but also from the agricultural and economical points of view. 
When the subject is considered in reference to a particular case, the follow- 
ing questions immediately present themselves: 

1. Is an irrigation and drainage system possible in the region under consider- 
ation, that is to say, is a considerable quantity of water available and 
is the situation and elevation of the land suitable for the purpose ? 
For if there is no possibility of irrigation all discussion is superfluous. 
•2. Will irrigation and drainage be of utility to the country, that is to say, 
will the result undoubtedly be an increase of the produce of the soil ? 
3. Are such ameliorations required as regards the country concerned, that 
is to say, do the economical conditions of the country render an increase 
of the produce necessary, i 
I intend to discuss these questions successively is the first three" sections 
of this Report, principally with regard to the lower provinces of the valley of the 
Menam Chow Pya and the adjacent plains of the Bangpakong and the Meklong rivers, * 



* The Meaam Chow Pya is thQ most important river of Siam from every point of view 
The river begins to bear the name above mentioned at Paknampo, the junction of the Nam Ping, 
or Raheng river, and the Nam Po, its principal tributaries. 

The Nam Ping drains a rapidiy sloping comparatively narrow valley and the adjacent, 
mountainous regions and shows somewhat the character of a torrent, running through a wide and 
"h How bed. A sudden rise and fall of some feet in a few hours, which is enormous for Siam, 
lot infrequently occurs and in the dry season the river is only navigable for very shallow craft. 

(See next page.) 
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and upon the conclusions therein arrived at to base the proposals contained in the. 
subsequent sections of this Report. 

Although the other parts of the Kingdom will pot be taken particularly 
under consideration, it must not therefore be inferred that Irrigation and drainage 
works are not available or desirable in those parts, but only that I consider it as 
being taken for granted that the Lower Monani Valley is the most irapoitant and 
most densely populated part of the Kingdom of Siam, so that such improvements 
in those regions will be profitable to the greatest possible part of the people and at 
the same time best serve the interests of the Government. 



1. 

POSSIBILITY OF IRRIGATION. 



With regard to the first question, i. e. whether an adequate irrigation and 
drainage system, is possible in the Lower Menani Valley and the adjacent plains, the 
slope of the soil and the available quantity of water must be fii-st taken into 
consideration. '■■ '■■ 



,■•■'■■ 

The Nam Po unites the slow waters of the Pitsaaulok and the Swankalok riverd. These 
which are frequently interconnected, driiin the extensive and flat upper parts of the Menam 
plain aud the adjacent hill regions. In the plain they show quite the character of lowland 
rivers, their water running calmly through deep beds, and thanks to the storage capacity of the 
:annuaUy inundated swatops in the lowest part of the plain, they have a very regular regime. 
Both are navigable for A. good distance upstream even in the dry season. From the reo-ularltv of 
the regime of the main river it must be inferred that the Nam Po is of much greater importance 
with, regard to. discharge than the Nam Ping. 

Below Paknampo the united main river runs through the lower plain. At Ban Klono- K' 
and at Ban Tahkwai, the main river gives part of its .water to the Supan and Lopburi" rivTs 
and at Chainatto the Menam Nawi. The former runs nearly parallel to the main river and joins 
the sea near Tachin. The Lopburi river joins the Pasak riv.er at Ayuthia and, together with this 
river, falls back into the Menam Chow Pya again. The Menam Nawi also joins" the main river 



again. 



About 250 K. M below Paknampo, near Paknam, the main river falls into the Gulf 
of Siam. 

The Menam Chow Pya carries down a great quantity of silt and sand, derived from the 
slate and sandstone formations of its catchment area and at its mouth has deposited an enormou^ 
bar, which is a great impediment to navigation. . ™°"* 

' ' (See next page.) 
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Slope of the ^'^ ^^'^^ ^'^^'^^ place it must be observed that the plains of Lower Siani are 

lancl. almost entirely flat, in the sense that there are scarcely any spots on these plains 

that are raised even insignificantly above the surrounding fields.* 

To determine the general slope of the land requires data as to the elevation 
of the ground and the distances between a member of places suLtabie for the 
purpose. The distances are easily to be obtained front the existing maps made by 
the Royal Survey Department. Figures showing the elevation however are very 
scarce in these maps; but by adding to the figures in the maps the results of 
the levellings of the Royal Railway Department and the figures contained in the 
statements of Mr. J. iMc. Garth v's book "A Survey in Siain" (private edition), it 
was possible to gather, and even sometimes to compare, sufficient reliable data to 
form general ideas about the matter.. 

To begin with the principal plain, that of the Menam Chow Pya, according 
to the maps of the Royal Survey Department the heights above sea level at low 



The Pasak river drains the long and extensive' valley to the east of the Nam Po area and 
ioinsthe Menam Chow Pya so far downstream that, from a point of view of watersupply, it has 
to be considered quite seperately. 

The Bano-pakong river receives its rather sluggish water from an almost perfectly plane 
catchment area of very gentle slope, bounded on the west by the Menam valley, and on the other 
aides by low hill ranges. 

The MeklontT river derives its supply from the extensive, rather high, densely wooded 
hill ran'>-es and narrow valleys west of the Menam valley and runs with a considerable fall and 
fast current through the plain west of the plain of the Menam Chow Pya. 

The Menam valley may be devided into two parts, an upper part, to the north of the 
hill range.s about Paknampo, and a, lower part, to the south of these hills. The latter part, 
which may be spoken of as the Lo'wer Menam Valley, is the very heart of Siam and will here 
come most under consideration. 



a 



* The whole Lower Menam Valley and adjacent plains show in all respects the most 
regular type of a river deposited alluvial formation, with a fairly a uniform, slowly decreasing 
slope, with the rivers running on ridges, and swampy tracts in the lowest parts between. The soil 
is clayey, more or less mixed up with quartz sand. The substratum is a marine sand formation. 

The plain, where not cultivated, is chie3y covered with jung'.e grass, where herds of 
elefarits feed upon, brushwood and bamboo. E.^tensive forests do not exist. Except in the 
hicrhest tracts along the rivers, even clumps of trees are scarce, apparently in consequence of 
occasional floods and want of proper drainage. 

The coast is flat with a broad muddy shore., and is covered with mangrove trees and 
further inland with nipa grove. There is continuously a slow increase of the land. Dunes and 
laooons do not exist along the coast of Lower Siam. 
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water for the undermentioned places and the distances im. a strajgll line between 
them are as follows : — 



Height above 

the ebblevel 

of the sea 

( in M.) 



Difference in 
height between 
the subsequent 

places (in M.) 



Distance in a 

straight line 

between the 

subsequent 

places (in K.M.) 



Slope of the 

land between 

the subsequent 

places. 



Paknam 



4-5 





Bangkok 


6 




Ayuthia - - 
Aluang In 


11 
20 




^ 


■-*• 




Manorom - - 


26 




Paknampo - - 


82 


1 


Paknam po 


32 



Pichit 



M 

o 
■ — ' _c 1 

pi o 

% g<Pitsunalok 

CO jj 

Ah 



Pichai 



Uteradit 



39-5 



46-5 



53 5 



61 



1-5 



7-5 



7-5 



20-5 - - - 1/13,700 



68 



74 



51 



36-5- 



80 



41-5 - 



35 



1/13,600 

- 1/8,200 

- 1/8,500 

- 1/6,100 



1/10,700 



- 1/5,900 



1/7,900 



1/4,700 



'Paknampo - - 32 



So, 

fi S \ Savankolok 



a: 



Bang Hatseo 



73 



29 



12 



- 183-5 



24 



- 1/6,400 



1/2,000 



bCr^ 






'Paknampo - - 32 



Kampengpet - 107 



65 



98 



- 1/1,500 
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The reliability of the figures of the Royal Survey Department, in some cases is 
proved by the results of the levelings of the Royal Railway Depai'traent. For instance, 
the difference in height between Bangkok and Paknampo is 23-8 M. according to the 
railway survey and 26 M. according to the records of the Survey Department. 
The difference between these data is satisfactorily explained by the fact that the 
railway survey begins at the top of the railwaydam in Bangkok and ends iti 
Paknampo at a considerable distance from the river, thus beginning at a higher level 
and finishing at a lower level than the points taken by the Survey Department, which 
wei-e on the banks of the river. 

It is evident from the above-mentioned figures that from Paknampo down to 
the coast, the slope of the soil of the Menam. Valley in the direction parallel to the 
main directiiDn of the river is successively about 1/6,100 over a distance of 36-5 K. M., 
1/8,500 over 51 K. M , 1/8,200 over 74 K. M , 1/13,600 over 68 K. M. and 1/13,700 over 
20'5 K. AI. About 1/14,900 may therefore be considered as the slightest 
slope of the Lower Menam valley. The Upper Menam Valley has a greater slope; 
the least rapidly sloping part, the plain Of the Pitsunalok rivei- between Paknampo and 
Pichit, appears to have a slope of about 1/10,700. 



Besides the slope along the main direction of the Menam Chow Pya, there is 
also a slope across that direction, because in the plains of Siam the rivei'S and river 
branches have their course on ridges, built up by the deposits of the overflowing 
water at flood time, as is generally the case under similar circumstances. 

The slope transverse to the main direction of the river is easily perceivable 
in the existing Idong (canals) running in tliat transverse direction, from the fact 
that with stagnant water, i e. horizontal water-sui'face in the klongs, the banks rise 
considerably higher above tlie waterlevel towards the ends than in the middle. 

The longitudinal section of the I'etchaburi railway shows the same fact in 
a verv conspicuous and most exact way with regard to the plain on the left bank 
of the iMeklong river, where in a distance of 10 K. M. there is a fall of 6 M. In 
genei'al however the transverrfe slope is small. 



When the slope of the soil is rapid enough to be sufficient for suitable 
irrio-ation and discharge canals, then adequate works can be carried out without 
special difficulties, because the surface slope of the canals then can in general be 
taken parallel to the slope of the ground and no expensive deeply excavated or highly 
embanked canals are required^ 
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To such as are acquainted with Iiydrotechnical matters, it is unnecessary 
to point out that the construction of irrigation and discharge canals in a country 
that has a slope of at least about 1/14,000 as is the case in the Lower Aienam 
Valley, is not a matter of insuperable difficulty. 

The slope here mentioned is more than sufficient for canals with the consider- 
able capacity, which all principal canals for the vei'y extensive Lower Menam 
Valley indisputably ought to have. In such canals this slope would in general cause 
a current of a velocity sufficient to prevent the depositing of silt to any consider- 
able extent. 

In general the slope of the water-surface of canals to be constructed in the 
Lower Menam Valley can therefore follow the slope of the soil, which is the least 
expensive method of canal construction. In the highest parts the slope of the land 
is too rapid so that a few artificial falls will be required. 

That the slope of the soil in the lower plains of Siam is really sufficient 
for adequate canals will be obvious, even to strangers in hydi'otechnical matters, 
when taking into consideration the fact that" the surface slope of the principtd 
rivei's of the countiy is considerably slighter than is the slope of the land, 
for in general over their whole course through the plain the fall of the 
rivers is abuut the same as the fall of the land and their channels are so 
extremely winding that in many cases the course of the rivers is from one and a half 
times to twice as long as a straight canal in their main direction would be. Neverthe- 
less these rivers have in general a very strong current and are not liable to silt up. 

With regard to the distributary canals by which the water, carried on bv the 
main canals, has to be distributed and conducted to the fields, the slope athwart the 
main direction of the principal rivers will be of much use, combined with the slope 
parallel to the rivers, and the elevation of the water-sui'face of the main canals above 
the level of the land. In general, to get a sufficient slope, the diiestion uf these distri- 
butaries when constructed must meet the main canals at acute angles but, in con- 
sequence of the slope athwart, the angles can be made less acute than would be other-' 
wise necessary, which tends to shorten tlie length of the distributary canals and this 
decrease their cost ; but this is matter of detail to which I merely refer in passing 

It may be worth white to point out that there are several examples of canals 
and irrigated plains with about a similar or smaller slope than that of the Menam Valley. 
The Nile Valley from Assuan to Cairo, for instance, has a general slope of about 
1/10,000 to 1/11,000 and the inundation canals in that valley have rarely, if ever,a o-,eater 
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slope than 1/20,000 ( " Irrigation wurks in India and Egypt " by R. B. Buckley 
p. 22-25.) The Nile Delta has over a distance of 220 K. M. an average slope of 
1 '12,500, whilst the average slope of the Lower Meiiam Valley is 1/9,500 over the 
lowest 200 K. M. The Ganges Valley in Bengal has a general slope of about 1/12,000 
(1. c. p. 101, decreasing to 1/20,000 (1. c. p. 35.) 

The inundation and irrigation works in the Nile and Ganges plains are 
recognised, as among the greatest and most successful of the world. 



The regions adjacent to the Lower Meuam valley, the irrigation of which 
should be at once considered, may be enumerated as follows :— 

The plain of the Pasak river has, from Chaibadan ( 54 Meter above sealevel ) 
to Saraburi ( 21 M. above sealevel ) in a distance of about 60 K. M., a fall of about 
33 M. i. e. a slope of about 1/2,000, and from Saraburi to Ayuthia ( ll Al. above sea 
level ) in a distance of about 50 K M., a fall of 10 M. 1. e. a slope of 1/5,000. 

Although the Pasak river is a tributary of the Menam Chow Pya, it must be 
treated separately, because it joins the main river too far downstream to be connected 
with an irrigation system from the great Menam. 

The plain of the Meklong river has, according to the surveys for the 
Petchaburi railway, from Ban Pong ( 16 M. above sea-level) to Ratburi ( 10 Al. above 
sea-level ) in a distance of 30 K. A!., a fall of 6 M. i. e. a slope of 1^5,000. 

The plain of the Bangpakong river has from Krabin ( 20 Al. above sea-level ) 
to Prachim ( 9 Al. above sea;level) a fa.ll of 11 Al. to a distance of 40 K. Al., which 
makes a slope of 1/3,600, and from Prachim to the coast the fall is about 6 Al. and the 
distance 80 K. Al , thus the slope of the soil is about 1/13,300. 

The above-mentioned figures of the levels, as far as not indicated as derived 
from the Railway surveys and not occurring in the existing maps, are derived from 
the statements in Air. J. McCarthy's book "A Sztrvey in Siaiii." 

The velocity of the curreut in the extremely winding channels of the above 
named rivers moreover in genei'al also obviously guarantees for these plains the 
possibility of constructing adequate irrigation canals. 

With regard to the discharge of superfluous water it may be observed that 
if the soil has a sufficient slope to produce a satisfactjry current in irrigation canals, 
the same in general will be the case with discharge canals. 

In the lowest tracts of land between the lidges along the main rivers the 
slope parallel to the main direction of the rivers is about the same as the slope of the 
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ridges. The natural site ot the drainage canals lies in these tracts,- whilst the supply 
canals are as a rule located along the ridges, so that in general the drainage channels 
will meet with about the same slope as the irrigation canals. 

On approaching the coast however this is no longer the case ; near to the coast 
the transverse slope ceases to exist and the paralled slope gradually decreases ; but 
even the lowest parts of these I'egions lie neai'ly at the level of ordinary high tide, 
that is to say, about 3 M. above the ordinary low water level of the sea. 

The considerable difference ( 3 to 4 meters ) between flood tide and ebb 
tide will greatly faciUtate adequate drainage in these lowest regions ; but for 
the same reason protection against very high tides will be required in certain tracts. 

I suppose It may now be considered as sufficiently proved that the elevation 
and the slope of the ground will produce no particular difficulties against carrying out 
Irrigation and drainage schemes, but, In the contrary, are sufficiently suitable for the 
purpose. 

Further details cannot be stated for want of elevation-records, as special 
surveys of course could not be undertaken. 



Aoailable About the discharge of the rivers no records exist In Slam. The only 

quantity of annotation I found about the matter occurs in Mr. J.McCarthy's book " A survey in 
Siam" and refers to the Mekong river, where he observed in the driest time ( March, 
1894, ) at Chleng Kong a discharge of more than 42,000 cubic feet per second. 

Some river-gauge readings have however been performed and recorded 
during the last years, but with a single exception, not In a sufficiently regular and 
systematic way to be reliable for technical purposes. 

The investigations and observations I made at the end of the last diy season 
and during the present rainy season with regard to the discharge of the rivers and 
river branches in Lower Slam showed me that, as far as regards the Lower Menani 
Valley and adjacent plains, only the undermentioned livers are available for any 
considerable water supply for irrigation purposes, viz :— 

1. The Menam Chow Pya ( which further on briefly will be called the great 
Menam or Menam only) and her main tributaries, the Raheng, the Savan- 
kalok and the Pltsujialok branches and the Pasak river. 

2. The Bangpakong river and its main tributaries the. Prachim and Nakon 
Nayok branches. 

The two main branches of the Prachim river ( those of Krabin and Srakeo ) 
are also separately reliable for a satisfactorily regular discharge. 

3. The Meklong river. 
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All other rivers and riverbranches in the Lower Menam Valley and adjacent 
regions, the Supnn and Lopburi rivers not excepted, in the dry season appear to 
have no discharge or nearly none and in the rainy season no sufficiently regular 
discharge from their own catchment area, to be suitable to supply any considerable 
quantity of v^rater for irrigation purposes. 

The lower part of the channels of some of these rivers nevertheless are 
the whole year over more or less filled up with water; but this is either stagnant 
water derived from the parts of the above mentioned main rivers as far as they 
are not subjected to tides, or water that is only running up and down by the 
influence of flux and reflux. 

The Petchaburi river, which is duly available for irrigation purposes, is here 
not taken into consideration as being not directly in an adjacent position to the 

Menam Valley. 

Although the other rivers in the Menam Valley and adjacent plains are 
not available for the supply of water for irrigation purposes, the above mentioned 
three main rivers and their tributaries are of high value. 

Prom the information I obtained with regard to the lowest water-level, and 
from the discharge-determinations I performed at the end of the last dry season 
in the great Menam in the vicinity of Nakon Sawan and Chainat ( catchment area 
above Chainat 117,000 K. M.^), it must be concluded that the minimum discharge 
of that river above its confluence with the Ayuthia river in the dry season will 
be a quantity of about 200 M.^ per second. The maximum discharge at Chainat, 
according to the discharge determinations I performed, connected with the information 
I got about the highest flood level people knew of, was in the rainy season 
of this year a.bout 2,500 M.^ per second ; but it may have been 3,500 M.' in very 
rainy years, not including the quantity carried off by the Supan river and the 

Menam Nawi. 

It was not possible to ascertain to what extent each of the three principal 
branches of the Menam upstream of Paknampo contributes to the discharge of the 

main river. 

Althouo-h it does not prove very much, it may be of some interest to state 
that the total quantity of rain, falling in the catchment area of the great Menam 
above Chainat, amounts to about 5,500 M.^ per sec, reckoned over the whole year 
and according to the average rainfall of about 1,50 M. per year, derived from the 
records of the provincial Governors of the northern cireles (see rainfall statistics ). 

Specially remarkable in comparison with this figure for the total rainfall is 
the relatively small maximum discharge of the river, a fact explained by the 
regularity of the regime. 
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The minimum discharge of the Pasalv river ( catchment area about 16,000 
K. M.2 above Saraburi) could not be closely determined but, according to in forma- 
tioii, it may be estimated at less than 10 M.^ per second. 

This rainy season the maximum discharge , was about 400 M.^ per second, 
but in ordinary years it may amount to 500 and in' very rainy years to about 
600 M.s 

The Bangpakong river this year appeared to have a maximum discharge of 
about 800 M.3 per second and it seems very probable, according to information 
obtained with regard to the highest floodlevel ever recorded, that even in very rainy 
years, the discharge will not much exceed 1,000 M.^ 

About V4 of the discharge of the Bangpakong river comes from the Nalcon 
Nayok branch. 

The other V4 parts are derived from the Prachim river ( catchment area 
about 14,000 K. M.^ above Prachim ) and come almost entirely from the two principal 
tributaries of the latter, the Krabin and Srakeo branches, both of which seem 
nearly of the same importance, though perhaps the discharge of the latter may be 
somewhat greater than that of the former. 

In the dry season only the last mentioned two tributaries have a regular 
discharge, which could not be determined but may be for both together, according 
to information, not much less than 15 M.* per second. 

The Meldong river remains to be considered. 

The discharge of this river ( catchment area about 23,000 K. M.^ above Bang 
Pong) in the dry season will be about 30 M.^ per second and the maximum dis- 
charge in ordinary years about 1,000 M.^ ; and it is to be inferred from information 
received, that the discharge in very rainy years is not very much more than 1,200 
M.^ per second. 



For inigation purposes, specially in a rice growing country such as Siam, 
it is not the minimum discharge which is of decisive importance, and still less is 
it the maximum discharge ; but the value of a river for irrigation purposes is 
determined by the quantity of water that is regularly available during the time 
water is most required for the rice crop, that is to say, at the commencement and 
at the end of the rainy season. 
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In this respect the conditions of the rivers above mentioned are very 
satisfactory. 

The general condition in this respect of the great Menam can be inferred, 
not only from information but more exactly from regular gauge records, kept since 
August 24th. 189(i at lock Chulalongkorn in the klong Rangsit, and may be described 
as follows. 

In the beginning of May, about 2 or 3 vireeks before the rains commence to 
fall fairly regularly in the lower provinces, the discharge of the Menam successively 
increases very considerably in consequence of the first regular rains up-country, where 
the rainy season generally begins earlier than in the lower provinces. After this first 
somewhat fast rise, the discharge increases continually and very regularly, without 
any sudden alternations of importance. Sudden great risings and fallings of the water, 
as is generally the case with rivers in hill regions, do not occur in the great Menam, 
nor in the other rivers of Lower Siam. 

In November, about a couple of weeks after the regular rains have ceased in 
the lower provinces, the river reaches its highest level, which lasts only a few days, 
and then the water subsides slowly till the beginning of February, when the time of 
low water begins again, and lasts till about the end of April. * 

The gauge observations, at lock Chulalongkorn refer to the waterlevel inside 
of the canal, that rises and falls -with the high tide level of the great Menam. 

As however in the dry season the level in the canal is higher than the high 
tide level of the Menam, the gauge is not affected by the rising of the river, until a 
considerable rise has occurred. 

On the contrary, the fall of the river proceeds in the commencement a little 
less slowly than must be inferred from the scale-readings, but still continues when 
the canal level begins to become faiTly constant. 

The annual increase and decrease of the discharge of the Pasak, the 
Bangpakong and the Meklong rivers occur in about the same way and time as is the 
case with the great Menam. 

In the reo-ime of their rising and falling the main rivers in Lower Siam show 
general in a very regular character, which is most favourable to irrigation 
purposes : in consequence of the fact that the rise begins a couple of weeks 
before the time of regular local rainfall and low water is not reached again until 
about three months after the cessation of the local rains, the time during which a 



* " From the King's birthday ( September 20th, ) to Christmas day ships can generally 

r • th ■ er ( at Bangkok ) on one anchor without swinging, " says Mr. H. Warington Smyth, 

t died the Menam very seriously in connection with his sailing pursuits ) in his book 

• c-„^ " This means a discharge of at least 3,000 M.3 per sec. passing Bangkok. 
« Five years tn ^inm. j-"" ^ r o o 
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quantity' of water sufficient for the irrigable area is available, is much longer than 
the local rainy season ; and, in consequence of the regularity of the increase and 
decrease, interruption of tlie regular watersupply, in the times water is needed most, 
is not to be feared. Besides this, in consequence of the regularity of the regime, 
the part of the total flow-off by the rivers, available for irrigation purposes, is- much 
greater than it would be when the risings and fallings were iri'egular, at least 
when the storage capacity of the works is comparatively small. 



Without continuous series of exact observations during many years it is not 
possible to state definitely the total quantity of water that can be expected to be 
available in each part of the year. When however is taken into considera^on the 
maximum and minimum discharge and the regime of rising and falling of the 
great Menam, then it is surely possible to ascertain a minimum quantity of water, 
that safely can be admitted as in all cases available during the season of paddy 
cultivation. Accoi'ding to these considerations the quantity of water from the great 
Menam that in all safety can be reckoned upon from about the middle of June till about 
the middle of January will be not less than about 800 M.^ per second, whilst from about 
the middle of May till the middle of June and from the middle till about the end of 
January usually still more than 500 M.', and during the time the greatest supply 
of irrigation water will be required for the paddy cultivation viz: in October, November 
and December, when the rains become scarce or have ceased, the air is dry and the 
paddyplants for a great part st'^' are in full course of development, at least about 
1,000 to 1,200 M.^ per second will always be available. 



The Meldong river, the Bangpakong river with its ti'ibutaries, and the Pasak 
river will also be able to supply a very considerable quantity of water for irrigation 
purposes. 

As there are however no reliable gauge observations in conhection with 
these rivers, the available quantity of water for irrigation purposes, they will be 
able to supply, can only be estimated very roughly. 

The first named river is the most important and seems certainly to be 
credited with a supply of about 200 M.^ per second in the paddy growing "season 
and the Bangpakong river would perhaps be able to provide about the same quantity. 

The P.sak river will very probably regularly supply some 50 to loo M.« 
per second. 
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The question for what extent of fields the above mentioned available quantities 
of water may be sufficient, will be treated afterwards, but it may here be observed 
that the above mentioned certainly available quantity of water of the great Menam 
would suffice to feed the largest irrigation canal that exists, the Ibrahami-canal 
in Egypt. 

The conclusion that the rivers of Lower Siam contain a very great quantity 
of water available for. regular- irrigation will, I presume, have been made 
quite evident by the above explanations. 



m . - I Finally rises, in respect of the possibility of constructing irrigation and 

possibility drainage works, the question as to the technical possibility of carrying up the water 
of the rivers to the level of the fields. 

For completeness I raise this question, though it is answered beforehand in 
the affirmative by the mere consideration that the same problem in several countries 
in numbers of similar or less favourable cases, has been solved with complete success. 
The question of the construction of the required works in the case of the great 
Menam, with respect to the regime of the river and the elevation and slope of the 
ground, will afterward be treated in general outlines. 



The precedi7ig explanations, ivill have made it evident that construdiug irrigation 
and drainage works for the Loiuer Menam Valley and adjacent plains is perfectly 
possible and will not meet with any particular natural difficulties. 



II. 

UTILTY OF IRRIGATION. 



Comes next the second principal question : will irrigation and drainage be of 
vMlity in Lmver Siam ? 
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In answering, this question it is first o.f all necessary to lay .dbwn the 
definition that irrigation consists in supplying, by artificial means, a certain 
.quantity of water to the, fields and d.rainage in freeing' the fields from superfluous 
water. 

Now for an artificial supply of water to be of utility the natural supply 
must of course be deficient. 

To judge the deficiency or sufficiency of natural .supply, demands to define 
previously : — 

In the first place the purpose the water is to be used foi; and the quantity 
of water required for that purpose and 

Secondly the quantity of water produced by natural supplies. 

The purpose the water is to be used for in the Lower Menam Valley is for 
the present principally rice growing. 

That rice growing is the most important agricultural occupation in Lower 
Slam is not an accidental circumstance, but a natural and indispensable consequence 
'of the climatical and hydrographical conditions of the country, as afterwards will 
be explained. 



Importance of« Compared with the area under rice crop in whole Siara, the area yielding 

rice grotDinq. , . „ ,, . „,, ,, , , 

other produce is of small importance. The tact- that the tax. on paddy fields is 

estimated in the State budget for 1901/02 at 2,914,339 ticals, or more than ^'e of 
the total landtax, and the tax on all other lands, gardens and plantations at 585, oio 
ticals, or less than Ve of the total amount of the landtax, shows this. 

Rice is moreover the staple food of the whole population and furnishes more 
than ■V4 part of the value of the total exports of Bangkok (i.e. nearly the whole exports 
of Siam), the average value of the rice export being S 26 '/a millions and the average 
total export % 34^A millions m the last 5 years ( 1.837-1931). 

As the imports must be paid by the money due for the exports, the imports 
also must depend to a similar degree upon rice growing. 

As the rice crop covers at least "Iq of the arable land, pn.duces the staple food 
and furnishes more than of ^/i of the value of the exports, it will surely not be 
considered an exnggeration to estimate that the total of the national production of Siam 
depends in a similar degree upon rice growing; and as the wealth of the country in 
general and the revenue of the Govenment in particular take their origin directly or 
indirectly from the national production, both national wealth and Government revenue 
also must directly or indii'cctly depend upon licc growing in a similar proportion 
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It will therefore certainly need no further elucidation that in matters of 
water supply and drainage, concerning Siam, rice cultivation has to be taken 
into consideration in , the first place and that the interests of rice growing will 
predominate. 



Quantity of 
toater requi- 
red f'or rice- 
fields. 



In general fields covered with plants use up water : 
a. by infiltration into the soil ; 

h. by evaporation of the water covering the land or of the water contained in 
the wet surface earth ; 

c. by evaporation through the plants and ( to a small degree ) by the growth 
of the plants. 

The quantity of water required by rice plantations, for the proper develop- 
ment of their growth and for yielding a good crop, therefore depends upon the 
character and the slope of the soil, the climate of the country and also upon the 
kind' of rice that is cultivated. The required quantity thus may differ for different 
countries. 

In Siam no experiments about this matter have been made, and local data 
not existing to judge the matter, data must be borrowed from abi'oad about regions 
that are in similar conditions. 

In Java the matter has been investigated very exactly and repeatedly during 

•many years and at many places. The results of the experiments show that for 

the plain of Demak the required quantity was found to be less than elswhere, viz : 

no moi-e than I.IO Liter per second and per bouw (7,096 M.^), i. e. 1.55 Liter per 

second and per Hectare, during the period of vigorous growth. * 

These figures relate to the very slightly sloping, flat. plain of Demak, which 
lies scarcely above sea-level and has a soil of stiff and Uttle permeable clay that 
o-ivos no more than an ordinary crop and where the supply through want of 
sufficient water in general is very spai'e. 

In Italy the lowest definite figure mentioned about the matter is 1 -Si Liter per 
second and per H. A. for the flat clayey part of the Po plain near Lodi. 

In British India, Buckley (p. 233) mentions that in Madras the duty of water 
for rice-lands irrigated by storage works in their immediate vicinity is considered 
to be 80 acres, i. e. that, besides local rainfall (30 to 40 inches a year), i cubic foot 
of irrio-ation water pei- second is required for 80 acres of. rice-land, as an average 



* In the plain of Banjoemas (.Java) the result of the experiments has been 1-20 L. and in 
the plain of Tegal 1-25 L. per sec and per bouw. In rapidly sloping hilly regions the quantity of 
water required generally appears to be much greater; in Buiteuzorg for instance as a maximun 
34 L. per sec. and per bouw. is stated over a period of a month. 
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over 185 days ; this makes 28 3 L. for 3^4 H. A. or 0-87 L. per H. A. This figure 
however does not indicate the total quantity of water used for the purposes of 
agriculture but only the artificial supply in addition to the natural resources. 
Furthermore it is the average use over a period of more than six months, which is 
much smaller, than the quantity required by the plants during the time they are in _ 
full course of growth. 

For large canals in M9,dras, Buckley mentions the duty of 66 acres. For the 
Sone canals in Bengal he states a duty of 42 to 45 acres over 12 days during periods 
of drought (p. 282), The last is about equivalent to 1-6 L. per sec and per H. A. 

In the Punjab, where the rainfall is very scanty, (less than lO inches per year), 
the quantity of water supplied by irrigation will nearly represent the total quantity 
required by the crop and the figures given for that country, are therefore of more 
direct interest. Buckley states for the Sirhind Canal and the Swat river irrigation a 
supply of 1 cub. foot for 50 and 51 acres, (duty utilised) which corresponds to 1-40 
L. per sec. and per H. A. The crop consists however in the Punjab chiefly of wheat, 
which requires a much smaller quantity of water than rice. 

In Egypt the quantity of water required for rice, is taken as 60 M.-^ per day, 
and per acre which is equivalent to 1-70 L. per H. A. and per second. 

For Japan Prof. I. Inagaki mentions (in the Bulletin of the College of Agricul- 
ture at the Tokyo University), a quantity of 1-5 L. per second and per H. A. as required. 

It is obvious from the above-mentioned figure.s that 1-5 L. per second and per 
H. A. may be considered as the minimum quantity of water required for rice 
cultivation during the time of vigorous growth. 

When we now take into consideration the special circumstances of Siam, we 
find the following particulars. Si^m is a tropical country and' of the above-mentioned 
countiies Japan' -end Italy lie in the temperate and Egypt and the Punjab, in the 
subtropical zone, (the' data about other parts or India are all complicated with local 
rainfall), so that the conditions of the Demak plain in Java are most similar to 
these of Lower Siam. Further it may be taken for granted that in Lower Siam the 
temperature is rather higher than in the Demak plain, the humidity of the air is rather 
less than more (the rainfall is about 50% greater in Demak than in Bangkok) and 
besides there is rather more than less motion of the air in Siam than in Demak 
that the conditions of the three principal agents' of evaporation, [temperature 
humidity and wind, ] are at least as favourable in Lower Siam as in Demak 

It will, therefore appear not to be a too venturous conclusion to put the quantity 
of water required for rice cultivation in Lower Siam as about equal to the quanft 
required in Demak, viz : at 1'55 L. per second and per H. A. 
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Thts quantity of ivater is equivalent to a rainfall of almost exactly 40 c. m. per 



month. 



It is perhaps not superfluous to remark that the requisite quantities must not 
be considered as always required and sufficient, but as a minimum required at the time 
the paddy is in full course of growth, to ensure a proper crop in the given conditions 
of soil and climate. 

It has been proved by numerous experiments that in ttie early period of the 
growth of the plants, when the leaves are still small in size and number, and at 
the later period, when the plants ai'e near to maturity, the required quantity of water 
is much smaller than during the period of vigorous growth. 

When the required quantity is not fully available during the period the plants 
are in full course of growth, the plants do not immediately die but they will suffer and 
be impeded in their development by want of water and the crop will become smaller 
in some proportion to the want. This is the direct consequence of the agricultural 
law, that the growth of plants is governed entirely by that one of the nutritious 
substances they require, of which the least quantity is available, so that, when 
the plants are in want vi watei', this want impedes their growth, however favourable 
all other conditions for their development may be. '^]\\s law of minimum is not only 
scientifically proved, for water equally, but must obviously seem quite natural to 
everyone who tak'es the matter into consideration, for it is similar to the fact that a 
thirsty man is not relieved by giving him a piece of dry bread. 

Only when the want of water becomes very pressing the crop will fail 
entirely. On the other hand an increase of the available quantity, above that 
mentioned as strictly required during the period of full growth, will in general, 
when the soil is fertile and the climate favourable, contribute much to a still better 
growth of the plants and increase of the crop. 

Of course it will nevei' occur that the whole of an extensive area of cultivated 
paddy land will be at the same time at the same stage of growth and would require 
a full supply of water all over. Especially this will never be the case in Lower 
Siam where the lots of land cultivated by the farmers individually are very extensive 
and therefore the period of vigorous growth falls at very different times for the 
different parts of the crop. 

Natural roater The question as to how far the natural water supply of the fields is sufficient 

^"^'^^'^ ■ to satisfy the wants of agriculture must now be investigated. 

The natural supply o-^ a certain piece of land is derived : 

a. from rain fall ; 

b from the flow-off of superfluous water from more elevated adjacent fields; 

c. from the overflow of natural watercourses. 
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Rainfall. The rainfall will first be considered. 

The records about this matter are scaaty in Siam and with many breaks. All 
I could gather about the matter is mentioned in the rainfall statistics appended to 
this report. 

The general consequences of these rainfall records may be stated as follows :— 

The maximum rainfall per year recorded in Bangkok has been 194-36 cm. in 
1845 and 177-98 c. m. in 1889, and the minimum per. year 85-75 c. m. ( in 1884 ). 
The average for ten years (1882-91) was 130-20 c. m. 

Prom the great difference between the maximum, the minimum and the 
average, it may be inferred that the rainfall in Bangkok can be very irregular. 

A comparison with the undermentioned rainfall statistics over 1889-98 of 
eleven rainfall observation stations in the rice growing regions of Java, which contain 
an exceptionally dry year (1891) and two exceptionally wet ones (1889 and 1895), 
shows that differences as stated for Bangkok are rare in Java. 









R,.\INPALL IN C. M. 










Places in .Tava. 


1889. 


1890. 


1891. 


1892. 


1893. 


1894, 


1895. 


1896. 


1897. 


1898 


Serang 


187-3 


169-4 


117-3 


212.6 


194-9 


162-5 


183-8 


141-0 


157-9 


216-7 


Bandong 


181-6 


154-4 


151-8 


203-3 


153-4 


201-0 


166-4 


1750 


211-8 


161-6 


Cheribon 


302-7 


167-6 


no rec. 


244-9 


236-2 


197-4 


255-7 


262-0 


210-7 


222-0 


Banyoemas 


375-5 


298-8 


182-5 


378-7 


317-3 


315-8 


2823 


2941 


249-4 


331-0 


Pekalongan 


128-3 


140-2 


89-0 


243-6 


222-6 


215-0 


263-7 


2280 


203-2 


2 + 1-4 


Semarang 


193-2 


231-5 


158-9 


243-7 


350-5 


224-2 


280-1 


189-5 


187-4 


147-7, 


Bodyonegoro 


389-2 


223-6 


■ 140-0 


179-3 


224-2. 


no rec. 


198-1 


201-8 


189-7 


206-0 


Kediri 


150-6 


160-7 


102-2 


226-7 


198-9 


136-9 


no rec. 


174-9 


133-7 


135-1 


Soerahaya 


214-9 


165-4 


144-3 


165-7 


172-5 


18-2-8 


212-8 


192-7 


183-2 


193-5 


Banyoe-wangi' 


190-4 


231-2 


890 


161-6 


121-5 


151-1 


176-1 


114-5 


122-3 


172-1 


Malang 


263-7 


188-7 


155.2 


188-4 


180-3 


161-3 194-3 


162.1 


186-2 


202 2 


Average in c. m. 


234-— 


193-— 


133-— 


213--- 


215-— 


I95-— I221-— ' 


194-— 


185-— 


203-— 



In general however the annual amount of rain in Bangkok seems not to be 
so very far from the average. 

Whether the rainfall is sufficient or not for the proper growth of the rice 
crop, does not depend only, or even in principal, on the total rainfall of the whole 
year. What is required is that the available quantity be sufficient to meet the 
requirements at each part of the period during which agricultural operations are 
in progress. 
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A. comparison of the monthly rainfall and the quantity of water required 
per month during the period of full growth will therefore give a clearer idea about 
the matter. 

Now the quantity required for rice growing is, as explained, at least 1'55 
L. per second and per H. A., which is equivalent to a rainfall of 40 c. m. or 158 
inches per month, whereas from the appended rainfall records, it appears that in the 
of 3 years the missionary's records relate to ( 1845-47 ), only in one month was the 
rainfall equivalent to the required quantity; in the period of ten years the Borneo 
Company's records relate to ( 1882-91 ), only in 2 months ; and in the eight years 
period of the records of the Koyal Railway Department (1894-1901), only 3 months, 
of which two cases occur in the hill regions ( Muaklek and Hinlap ) and one in 
the plain (Lopbuii). In the rainfall statistics the months for which rainfall exceeds 
40 c. m.= 15'8 inches are put in brackets. 

In the statements about the averages of the records of the provincial officials, 
the monthly rainfall reaches 40 c. m. only 8 times, of which 7 cases refer to provinces 
outside of the Lower Menam Valley. 

The average rainfall per month however for the 10 years period of ] 882-1891, 
even in the most i-ainy month of September, does not amount higher than 2890 
c. m. and in all other months the average rainfall is even much below this figure. 

Thus from the above rainfall records, though they may be incomplete, 
sufficient information can be gathered, as far as the natural supply of water is 
concerned, to justify the inference that in the lower Menam plain the rainfall in 
ordinary years, even in the most rainy month, is quite insufficient to satisfy the 
requirements of a properly growing rice crop. 

The deficiency is rendered more stringent by the circumstance that the 
farmers in Lower Siam in general work such extensive lots of land that they 
cannot cultivate them but in a gradual way and so the period of vigorous growth 
and highest I'equirements for a small part of the crop only falls in the height of 
the rainy season. 

In years of scanty rainfall this deficiency is very apparent and reaches 
such a pitch as to cause entiro, failure of a large part of the crop ; only in very rare 
months in exiremely rainy years does the rainfall appear to be quite 
satisfactory. 

In respect to water supply by rainfall, it must always be considered that 
the whole quantity of the rainfall is never available 'for cultivation, because, in 
oonsequercj of the irregularity of the rains, a part of the downpour is always lost 
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by draining away over the surface of the lands. Whatever care people may take 
to retain the rain water, it is practically impossible to prevent a part being lost during 
temporary heavy showers. The total rainfall has therefore to be reduced by a 
certain percentage to get the real quantity available for cultivation. 

It is further a matter of interest that, according to the averages of the 
rainfall records of the provincial officials and of the railway officials, in the provinces 
of the Lower Menam Valley the amount of rain is considerably less than in the 
Northern provinces (Upper iMenara basin) and than in the hill regions between the 
Menam and the Mekong basins. 

Comparison of the average rainfallfigures for Muaklek and Hinlap (149-78 
and 169-23 c. m. ) with the records of the stations in' tire plain ( Bangkok 130-2U 
c. m., Lopburi 115-33 c. m., Ban Pong 119-51 c. m., Eatburi 84-03 cm.) shows the last, 
and compaiison of the average rainfall of the Northern provinces ( 149-24 c. m. ) 
with that of the Lower Menam Valley (121-01) sliows the first fact obviously. 

In the Southwestern provinces (average (2-21-35 cm.) and in tlie South 
Eastern provinces ( average -252-2-2 c. m. ) the rainfall also appears to be much 
greater than in the Lower Menam \'alley ( average 120-01 c. m. ) 

The records of the provincial officials (after bein,^- parifiei from obvious 
errors and the fanlts being further partially eliminated by the calculation) agree 
sufficiently with the records of the Borneo Company for 1882-1891, of tlie Railway 
officials for 1894-1901 and of the Bjitish Consulate at Chiengmai for 1898-1900, as to 
inspire confidence in their reliability as averages. 

The people seem also, as 1 was informed, generally quite conscious, of the 
fact tliat rainfall is much smaller in the Lower ^Icnam \'alley than in the regions 
to the north, east and west. 

This fact can indeed be explained very rationally by the functions of the 
high western hill ranges. v\-hich retain the humidity of the south wiist monsoon, so 
that in Tenasycrim and Pegu the rainfall is more than lOo inches, ( Bucldcy's I'ainFall 
map ) that is about twice as great as in the Liwer. Menam plain. The inl'laencc of 
these hill ranges decreases as the distance to the east increases and also with 
increasing elevation of the adjacent I'egions and so the rainfall must naturallv be 
much smaller in the Lower Menam Valley than in the hills at the cast side of 
the Valley and than in the UppiM- Menam basin. 

Similar cii'cumstances explain the fact that the annual rainfall in Chantaboon 
at the west side of the hill ranges along the cast coast of t,he Gulf of Siam^, amounts to 
300. c. m. and in ]*nonr Penh, at the east side of these hill ranges, measures 183 c. m. 
only, according to the statements in the Bulletin Economiq^ue de Vlndo-Chine.. 
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From these particulars may be clearly deduced that in the Lower Menam 
Valley rainfall is deficient, with regard to water supply for rice cultivation, to a 
considerably greater extent than in the other parts of the country I have mentioned. 

I FlotD-ofifi from The question of the second source of natural supply, that is the flow-off 

adiacen le s. ^^ superfluous water from the more elevated adjacent fields to the fields at a lower 
level, may be dismissed in a few words. 

When the general rainfall is insufficient in a certain tract, then this will as a 
rule also be the case for the adjacent fields and should the rainfall be insufficient for 
these adjacent fields themselves, it is 'unlikely that there will be any superfluous 
water flowing off from them to other fields. 

When in consequence of a period of heavy showers the whole of the 
water cannot be retained, then only will there be any flow-off to other fields at 
a lower level : but in general it will be precisely at that time that these lower fields 
are themselves subjected to the heavy showers and therefore the water obtained by 
flow-off is useless and unnecessary. 

The flow-off will therefore occur during a period of heavy rains when it is 
unnecessary, and fail entirely during periods of scanty rainfall, when it is most needed 
for the fields at a lower level. 

When the adjacent elevated lands are jungle, the same difficulty remains 
because certainly the jungle grass with its great surface of leaf also requires a 
great quantity of water for its growth, so that no flow-off can be expected, except 
at periods of extraordinaiT showei's when the flow-off is of no direct utility to the 
fields situated on a lower level. 

In the case of jungle the flow-off will however in general be not as small as 
in the case of cultivated paddy land, because in the jungle no care is bestowed on 
retaining the water by embankments or ditches. 

That we do not hear complaints about want of Water with regard to jungles, is 
evidently not caused by non existence of this want, but because men do not interest 
themselves very much about jungle. If elephants however could be heard in the case, 
they would probably not fail to complain about the dryness of their food caused by 
want of sufficient water. 

The flow-off of adjacent fields, cannot therefore in general be expected to 
provide, to any considerable degree, for the deficiency of rainfall. 

Only when the whole of the drainage water of an extensive region, specially 
of jungle, can be gathered on a small tract of cultivated land and is pervented from 
being drained off further, as sometimes is the case, a real, though very limited effect 
can be expected from this supply. 
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The area that can be supplied by the drainage water of more elevated 
regions however is always small in proportion to the area drained off, and this will 
be particularly the case if the drainage area is close by and relatively 
small itself ; so only a very small part of the country can be benefitted by 
neighbouring drainage and as a general remedy against want of water this supply is 
of no importance. 

This source of supply moreover for the benefitted tracts also soon flows 
scantier in proportion to the deficiency of the local rainfall, as the neighbouring 
minfall in general will be deficient at the same time. 

Ooerfloto of There remains the ovei-flow of natural watercourses, as a source of natural 

natural water- 
courses, supply of water. 

This source of supply refers to the principal water courses which cross the 
regions concerned without directly affecting the drainage of the locality. 

This overflow is however, in the alluvial plains, confined to very rare floods of 
most extraordinary height and very short duration, which in general occur in years and 
at times during which the local rainfall also is extraordinarily great and thus this 
supply of water is least required. 

It will easily be understood that this must be the case, because the rivers, 
by whose deposit the plains are formed, have a natural tendency to raise their banks, 
by continual fresh deposits, retained by the vegetation on the banks, as high as the 
highest flood ; and when the flood regularly reaches a certain level for any considerable 
deration, as the very regular regime of the rivers causes to be the case in Lower 
Siam, the deposits retained by the vegetation on the banks, will soon grow high 
enough and foi'm natural embankments which prevent further overflow, except by 
very rarely occurring extraordinary high floods, when overflow will be of little use to 
the fields. This has the sooner been the case here, because the rivers in Siam in 
general carry down a very great quantity of silt and have a very regular regime, so 
that as a rule the banks of the rivers in Lower Siam have reached the height of 
ordinary high floodlevel. 

Only when the water of a river contains very little silt or in the case 
of tracts of land that are enclosed and surrounded by more elevated regions in 
such a way that the water flowing over the banks of the river on the land by 
high flood cannot run off by any other means, but becomes quite stagnant on the 
inundated tract, the flooded banks will not be raised very quickly and inundation by 
overflow may practically be of rather permanent duration. This seems to be the 
case with the lower part of the Nakon Nayok river and a small tract of land 
along the Bangpakong river. 
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In general however, iu consequence of the rapid rising 'of the banks, in 
times of ordinary high flood, [and still less in times of scanty rainfall when 
supply is most required] the level of the rivers does not rise above the banks 
for any considerable time and to any considerable height and therefore overflow 
of natural watercourses in Lower Siam is also of little or no avail to fill up 
the deficiency of the rainfall in respect to water supply for paddy cultivation., 

The above conclusion is rather contradictory to a traditional opinion in 
respect to the flooding of the fields by the rivers, but nevertheless is as exact 
as it is natural. The extent of land flooded by the rivers by overflow of the banks, 
if any, makes a quite insignificant factor in Siamese paddy cultivation. 

In reality the natural supply of the bulk of the paddy fields in Lower 
-Siam depends upon rainfall only, and for a small part of the lowest lands, besides 
local rainfall, drainage of more elevated neighbouring regions is a second source 
of supply. 



Present arti- As a general conclusion from what has been explained with regard to the 

. natural supply it may therefore be stated, that the average rainfall in Lower Siam, 

specially in the Lower Menam' Valley, is quite insufficient to provide for the want 
of water of a properly growing lice plantation and that flow-off from, more elevated 
adjacent fields anii the overflow of natui'al watercourses in general for the bulk 
of the fields do not fill up the deficiency of the rainfall. Stih less do they do so 
when the local rainfall is most- deficient. 

As the growth of the crop must consequently be impeded by want of a 
sufficient natural supply, artificial supply of water for rice growing must be regarded 
as being of gi'eat utility for rice cultivation in the Lower Alenam Valley. 

This fact is already well known by experience to the Siamese for a very long 
time and efforts have been made to counteract, as far as possible, the deficiency 
of rainfall by cutting a number of canals ( klongs ) across through the ridg;es by which 
the rivers are prevented from overflowing, and so the now existing primitive artificial 
watersupply has been created. These canals as a rule run in a direction about trans- 
verse to the main direction of the principal rivers ; they interconnect these rivers 
many times and spread their branches over the country in all -directions so as to 
intercommunicate, with each other also ; and so these canals at the same time, have 
become the general moans of communication. 

This most evident way of supplying water to the fields presented no 
technical difficulties in its execution and thus could easily be adopted to a considerable 
extent in the lowest parts of the Lower Menam Valley ; but with simpleness in 
execution this method of artificial watersupply combines smallness of effect, specially 
with regard to the supply. 
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It is. obvious that the effect could .not but be .small,, because the level of 
the wBter in the canals is dependent on the watex level of the rivers and as the 
rivers durinf many centuries have raised the ground along their course to the 
height of ordinary high flood, the water in the canals can reach the level of the fields 
in the vicinity of the rivers only in times of extraordinary high floods, which occur 
at very rare intervals in years of abundant rainfall only, and then but for a very 
short period. 

Now the deficiency of these canals is met in some way by the slope of the 
soil athwart the main direction of the rivers, but when the canals have to carry 
water from the rivers in any considerable quantity, a slope of the water level in 
the canals is required for that purpose also, which counterbalances the favourable 
circumstance of the soil sloping in the direction of the canals. 

The result of all these -cirumstances is as follows : — 

The fields in the immediate vicinity of the rivers are only flooded during 
a couple of days or so by very rare, and exceptionally high floods, which occur 
perhaps not more than once in many years, at times when local rainfall generally 
is abundant also and sup])ly least required. 

Broad tracts of land at some distance from the course of the rivers are 
flooded in ordinary years only during the time of very high annual floods ; this 
flooding lasts only from a few days on the higher, to a few weeks on the lower fields. 
According to the inquiries I made in the matter, a considerable part of the fields 
that are commanded by the canals are only flooded during four or five days, in 
years when the rivers reach their ordinary high level. Another strip of land, more 
distant from the rivers, has a flooding of 10 to 14 days in ordinary years and at a 
still greater distance the flood may last for a month and so on. 

Only the fields situated in the lowest tracts, midway between the great 
Meman and the Supan, the Meklong and the Bangpakong rivers are flooded during 
a sufficient space of time ( about three months or more ) to make the success of the 
crop tolerably sure, but only, if it has been possible to cultivate the fields in due 
time. 
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The flooding of these most favorably situated fields begins generally in Sept 
ber, about a month before the cessation of the regular local rainfall, so that for labouri 
the fields, sowing, planting and the first period of growth in ordinary years even the 
best flooded fields depend upon rainfall only, in the same way as the higher lands and 
are liable to the same difficulties, with regard to failure or irregularity of the rains. 
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In years of scanty rainfall, moreover, the level of the rivers does not reach 
its ordinary gauge and high water is of shorter duration so that, when most wanted, 
the supply by the klongs is most deficient. 

DraUDbacks The flooding in the lowest tracts of land is not entirely owing to the 

of the kiong • , + n • tt • ^u , , . , . . 

sustem rivers, but partly, especially m the commencement, when the rivei's have not yet 

risen to their highest level, to the fact that all the water drained off, in consequence 

of the irregularity of the rainfall, from the higher parts of the whole regions between 

the main rivers, is gathered in these lowest tracts. 

The natural drainage line of these tracts is in a southern direction, about 
parallel to the main direction of the rivers; but drainage in this direction is obstructed 
very much by the embankments of excavated earth along the existing klongs running 
transverse to this direction. Though these embankments are not intentionally 
constructed, but raised in a rather irregular and often interrupted way to get rid of 
the earth only, they nevertheless have a very active part in the retention of the 
drainage water in the lowest tracts midway between the main rivers. 

At the period before high flood time the canals, which are in open communication 
with the rivers, act in a way contrary to what they are constructed for viz : they 
carry off the water from these lowest parts to the rivers and so, by lowering the 
level, prevent the extention of the flooding to as large an area as otherwise would 
be possible. 

Durino- this time the surface of the water in the klongs slopes from the 
middle to the ends, so that in the middle parts at the places where the soil is 
lowest, the water level is highest and on the contrary at the end parts, where the 
soil is hio'hest, the level is lowest; this is as gr>mt a disadvantage for the lowest 
fields which are liable to be flooded too deep at the time the paddy plants are still 
small; as for the higher fields, which get no water at all. 

In the same way, the klongs act as discharging canals when the rivers are 
subsiding Then they carry off again from the fields the water which they previously 
conveyed there, in the same proportion as the water in tiie rivers Is falling. 

As the rivers generally have not yet reached their ordinary highest level at 
the time when in the lower plains the regular local rains have begun to diminish. 
so at this time a considerable quantity of water, gathered in the lowest tracts between 
the main rivers, generally is drained off quite undesired; and as the rivers in general 
commence to fall a long time before a cessation of flooding is desirable, at that time, 
also, a quite undesired draining off is caused by the open klongs. 
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The last mentioned peculiarity of the canals cut across the ridges along the 
rivers, viz: to drain off the water as well as to carry it on, is therefore often a great 

drawback. 

By scooping and pumping, which is performed on a very extensive scale 
with various kinds of implements and whereon people spend a good deal of money 
and labour, the cultivators try to surmount the difficulties, caused by want of water, as 
much as possible; but only for a small part of the fields in the vicinity of the klongs 
they succeed in doing so, because even when a man works 10 hours every day at 
his full force, by pumping or scooping he appears not to be able to provide more than 
a poor supply for an extent of rice plantation of at best 5 to 10 rais. (1 rai=1600 M.^). 

The Rangsit Canal Company * has neutralised these disadvantages by providing 
the main canal of their system with locks which prevent the water from running 
away into the river and retain it in the canals. In this manner a great improvement 
is attained, to which the Klong Rangsit enterprise owes a great part of its success. 



Klongs near The klongs in the vicinity of the coast are subject to the influence of tide, 

the coast 

which has the disadvantage that twice a day the klongs are partly emptied, though 

also filled up again. 

Near the coast, as well as in the inland regions, the water has elevated the 
soil, by depositing silt, to its ordina'-y high tide level, and so in these regions 
flooding only occurs rarely, at extraordinary high tides. 

By the daily subsiding of che water in consequence of reflux, here, moreover, 
the supply of water from the klongs to the fields, if any, is confined to a few hours 
a day. 

The other above mentioned drawbacks connected with the present klnno- 
system in general, occur in the case of the klongs near the coast in an aggi-avated- 
degree, because in consequence of flux and reflux, the opportunity for the water 
to run away is so much greater. 



* In 1889 the Siamese Government granted a concession for a period of 25 years for 
digging canals in the jungles between the great Menam aad the Nakon Navok river to the north of 
the klong San Sep, to a private Company, the Siam Canah, Land and Irrigation Company under 
stipulation that all the uncultivated lands of the region crossed by the canals to be exoavlted to 
a certain distance at both sides thereof, should belon.; to the Company. 

This Company is digging a system of navigation and inundation c,,,nals, after the above 
described Siamese fashion, to a total length of about 1-200 K.M, which embrace an area of 
about 240-000 H. A. The main canal, klong Rangsit, connects the great Menam with the Vakon 
Nayok river and is at both ends closed up by locks, which retain the water in the territory of 
the Company. The works of this Company, which will be finished in a few vears, will open up 
the whole region concerned and since about 1895 more than half the extent of these 240000 
H. A. formerly uncultivated jungle has gradually been converted into valuable paddy lands, 
waibh with regard to watersupply are in better condition than any other part of Lower Siam! 
The enterprise has proved to be a financial succes. 
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Another drawback of no small importance of the klongs near the coast is 
that, principally in the diy reason, they carry the salt water far up country and so 
spoil not only the water in the klongs for cultivation and drinking purposes, but 
spoil also, at high spring tides, a good deal of paddy fields in the regions they run 
through, by inundating them with salt water. 

A good deal of this damage has -been caused by people digging out and 
enlarging small creeks, connected with the sea, for the purpose of shipping firewood 
and attap from the mangrove and nipa forests along the coast. If very small, the 
current of the tide in these creeks is not strong enough to do much harm ; but if they 
have attained a certain size, according to the experience of some decades, they are 
growing continually bigger by the action of the tide ; the salt water accordingly is 
enci'oaching gradually further and its level in the inland reaches is rising higher 
and spoiling more land every year. 

The extent of valuable paddy land spoiled in this way is very important, 
and may be estimated at about three hundred thousand rais. 

Results of Even without regard to the la^^t mentioned drawbacks, the Siamese klongs, 

uJL which may be classed as a primitive kind of inundation canal, form, as was 

explained, a very deficient system of artificial watersupply, because the supply depends 
not upon the quantity of water discharged by the river, but upon the level the 
water reaches in the river, so that in relation to the elevation of the fields, only 
when the ordinary high level is reached supply is available to any considerable 
extent, but this occni-s only at the end of the rainy season for a few >eeks. 

In the beginning of the period of regular rains, when the fields have to be 
laboured, sown and planted, the river level is still low, and no flooding by water 
from the rivers or by drainage water from more elevated regions is possible, even 
in the lowest parts of the low tracts of land between the main rivers. 

After the rains have continued for a good time, these very lowest tracts 
generally are flooded by drainage water from the higher regions. 

With tlie exception of these very lowest tracts, during the greatest part of 
the period of vigorous growth, as well as before, the whole of the paddyfields of 
Lower Siam practically are dependent upon rainfall only, where there are klongs and 
where there are none. 

Only during the last part of the time of vigorous growth a considerable 
extent of the land beyond the lowest tracts has a period of flooding, lasting generally 
from a few days to a few weeks, and at the best a couple of months. 

Accordingly the main effect of the present system, though certainly conside- 
rable in the localities concerned, is practically confined to the low lying tracts of land 
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of comparatively little extent, situated between the main rivers; it can therefore be 
of very little importance in respect to the total rice crop of Siam, however numerous 
the klongs may be in the Lower Menam Valley. 

The following comparative statement of the rainfall at Bangkok and the 
export of rice in the export season, following the year for which the rainfall is 
recorded, (the export of each year is obtained from the crop of one or two previous 
years) may sustain this conclusion. 

The figures about, rice export are produced by j\Ir. E. Ambrose, Assistant 
Director General of Customs, and are partly derived from statistics kept at the office 
of the Borneo Company Limited, Rangkok. 

Rainfall year Rainfall in c. m. Rice export in Eng. tons. Year of export. 



1882 






136-24 




158-007 - - 


1883 


1883 - 


- 


107-21 


- 


283-933 


1884 


1884 




85-75 - 


- - 


217-179 


1885 


1885 




15204 




215-387 


1886 


1886 


- 


166-55 


- 


396-700 - - 


1887 


1887 


- 


140-— 




449-800 - - - 


1888 


1888 - 




- 117-02 


- 


254-000 


1389 


1889 - - 




177-98 - 




475-100 


1890 


1890 - - 




124-20 


- - 


226-500 - - - 


1891 


1891 




94-92 




203-900 


1892 


1892 


11 
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— 




775500 - - 


- 1893 


1893 






— 




507-400 - - 


1894 


1894 


■agS 




— 




464-000 - - - 


1895 


1895 
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457-600 - - 


- 1896 


1896 




- 


• - - 192-91 


U " 


557-700 


1897 


1897 
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- - - 169-78 
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519-200 - 


■ - 1898 


1898 
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42-52 - - 168 41 


o 


- 445-306 - - 


■ - - 1899 


1899 


No r 
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-r 

.1' 


39-86 - - 16301/ 




- 414-400 - - . 


- 1900 


1900/ 


&S - 




70-76 - - - 


- - 


682-300 - - - 


- 1901 



These figures show undeniably a tendency of the rice export to increase 
rapidly after one or two years of more than average rainfall and to decrease after 
years of scanty rainfall. That the two statements do not agree year after rear with 
the same regularity may by explained by inaccuracy of the export returns (I was 
informed by Mr. E. Ambrose that probably the rice export figures for 1893 are to be 
lessened by about 100,000 tons), by storing up the crop and other actions of com- 
merce in relation with prices, byihe difliculties the rice boats meet with in coming: 
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down to Hangkok and by the circumstance that the rainfall of Bangkok -will not 
be for every year in the same proportion to the average rainfall of the ricegrowing 
part of the country. 

Outside its relation with rainfall, the export shows a general tendency to 
increase, especially in the period before 1803. 

A. similar relation as between rice export and rainfall in Siam can be stated 
between the total crop and the rainfall in Java, as the statement given below will 
show. 

In Java the rice for the most part is planted in December and January and 
harvested in May and June, so that the figures for rainfall and harvest chiefly 
must refer to the same year. 

Average rainfnll of 11 Estimated crop of the 

places in the principal provinces under direct 

paddy growing re- Government control 

gions of Java in c. m. in Java in millions of 



year. 


(see 


P 


18 ) 


piculs 


paddy. 


1889 






23-1 




65-5 


1890 






193 




60.9 


1891 






133 




61-4 


1892 






213 




69-1 


1893 






215 




66-6 


189-t 






195 




70-0 


1895 






221 




73-4 


1896 






194 




66-7 


1897 






185 




70-4 


1898 






2n.^ 




71-9 


— 


average 


1980 




67-6 



With regard to the figures for Java, the fact must be taken into conside- 
ration that the annual rainfall in eleven places is not quite proportional to the 
average annual rainfall of the whole of the rice growing parts of the country and 
also that the calender year and the paddy growing season do not quite agree. 

Nevertheless these figures also show in general an unmistakable connection 
between rainfall and crop in Java. 

In Siam the lowest rice export during the last ten years ( 203,900 tons in 
in 1892) is only 260/o of the highest ( 775,500 tons in 1893, or 30> when the 
export in 1893 is lessened by 100,000 tons ) and in Java during the 10. years 
ma.itioned the lowest estimate of crop (1890) is 83 o/o of the highest. 
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This enormous difference must Be attributed partly of course to the fact 
that in Siam the exported quantity is a part only ( but evidently a very great part ) 
of the crop, as also to the fact that rainfall is less irregular in Java, and further 
chiefly to the influence of irrigation ; about 60% of the paddy fields of Java having 
a more or less regular artificial watersupply. 

The agreement between scanty rainfall and small rice export and abundant 
rainfall and large export and the great difference betv\?een small and large rice 
export shows obviously that upon the whole the existing klong system with regard 
to the total crop is of little avail to prevent failure of crop by want of water. 

This undoubledly results from the fact explained before, that only a small 
part of the total extent of paddy fields really profits by the watersupply as provided 
by the existing klongs, whilst moreover the extent of fields served by this supply 
is smallest when rainfall is scantiest, because then the rise of the rivers is less high 
and of shorter duration. 

The frequent occurrence of failure of a considerable proportion of the crop, 
In consequence of scanty rainfall, also explains the great value the Siamese cultivators 
set to having some artificial water supply for their fields, even in the very imper- 
fect way provided by the existing Idongs. This is most evident from the difference 
in price and rent between the fields situated in the lowest strips of land in the 
middle between the principal rivers and the more elevated land situated nearer to 
th6 rivers. 

According to the investigations I made into this matter, the land is cheapest in 
price and rent in the high tracts near the river and the value in general continually 
increases towards the lowest middle parts, where the flooding is of longest duration. 

Without exception the persons inteiTogated informed me that the reason of 
the price or rent of land being higher or lower depended chiefly upon the longer 
or shorter. duration of the flooding. The difference in several cases amounts to this 
proportion that people pay for tile lowest lands 9 to 10 ticals rent per rai and for 
lands near to the rivers only 1 to 2 ticals whilst in the first case the selling price may 
amount to 80 ticals, against 10 to 20 ticals in the last case. 

Thfe few parcels of land which in ordinary years are flroded for a consider- 
able period by the main rivers, are, I was informed, considered especially valuable. 

Summing up what was explained, fi'om the great irregularity of the rice 
export of Siam,m,ay certainly be concluded, a proportional irregularity of the crop; 
moreover it may be taken as proved that this irregularity is caused principally by 
want of water. These two facts show in the meantime, as already, mentioned, that 
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the present system of artificial water supply is of little avail with respect to securing 
a regular general crop and confirm the conclusion that, except iti the case of the 
small strips of land situated in the lowest parts between the rivers and a great part 
of the Klong Rangsit lands, the paddy fields of the lower Menam plain for their 
watersupply are practically dependent on rainfall only. In these lowest tracts, 
[ the Klong Rangsit district not excluded], for the labouring of the nursery 
beds and of the fields, the sowing, the planting and the first period of the growth 
of the crop, the fields, as was observed, aljo depend exclusively on rainfall and only 
for the later period of growth do they, enjoy any artificial supply. 

Silt on the Besides what has ali'eady been mentioned, there is still another disadvantage 

fields under ^ , , . . -, 

nrpsent con- present system to be pointed out. 

aicions. Yi is ^ general belief among non-expert people that the existing flooding 

contributes particularly to the fertility of the soil, which belief is founded on the 

opinion that by the flooding a considerable quantity of silt is carried to the fields. 

In general it is taken for granted that the silt of the rivers has great 

fertilizing power and, though this is not invariably the case, agricultural practice 

has demonstrated the fact often enough. Moreover a great deal of scientific 

experiments have been made, for instance by the agiicultural stations of Java, with 

the result that the great manuring value of the silt of numbers of irrigation canals 

has been proved most conclusively. 

In Siam thei'e are no such dati but nevertheless the great fertilizing power 
of the silt of the Menam and the Meklong livers is evident from the frequently 
observed fact, that whei'e on a paddy field close to an inlet of water directly from 
the river or from a running klong, a good deal of silt is deposited, the paddy 
shows very obviously an extremely luxuriant growth, compaied with the surrounding 
plantations ; a fact which can only be attributed to the effect of the deposited silt. 

To cause its effect, in any case, the fertilizing silt must of course be cariied 
to the fields, and this, as will be shown, is not at all realised by the existing 
system of inundation klongs. 

Overflowing of • the banks of the rivers, it has been explained, can only 
occur very rarely from natural causes ; and when it occui's, nearly the whole quantity 
of silt carried on by the ovei-flowing water is filtered out and retained by the 
vegetation ( it may be grass or paddy or some other kind of plant) that is growing 
on perhaps the first 100 M. distance from the bank. Only when the fields are 
■inundated to a level reaching above the vegetation and the water was running over 
the banks with at least a perceivable current, some deposit of silt can be expected, 
but the is nowhere the case in Lower Siam. 
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The fields that get water from the rivers hy means of the Idongs are in 
the same condition as if they got it by overflowing directly from the rivers, only 
with this difference that in general the current in the .clongs towards tlie flooded 
lower strips of land between the rivers is so slow, that the greatest quantity of silt 
is deposited on the bottom of the klongs instead of on the fields along the banks. 
The fact that in general in the rainy season the water of the klongs in the middle 
parts is quite clear, proves this, undeniably. 

The fertilising results of the present inundation system are therefore of 
very limited and unimportant effect. 

The fertilising value of inundations in general if veiy commonly overestimated, 
because generally people hardly take into consideration the origin of the water 
and whether the water can arrive with sufficient velocity to carry and spread any 
solid substances over the fields or whether the water is regularly ref I'eshed. 

Conveying fertilising silt in any consideral)le quantity to the bulk of the 
fields can in general only be effected by an adequate system of supply ( irrigation 
and inundation ) canals that branch off in distributary canals and subdistribntaiies, 
all with a current of sufficient velocity to keep at least a great deal of the silt in 
motion and fi'om which subdistiibutaries every part of the fields receives directly 
the required watersupply. 

Definition ofi The present sitnation and its consequences being ti'eated above, now the 

Irrigation and ; ^ ...... , ..^. 

Inundation posibihties and conditions may be taken nito consideration and compared 

canals. with the pi'esent. 

Before going on, it may however be of use to define here very precisely 
what is meant by irrigation canals as opposed to ininidation canals. 

Those canals are called inundation canals which only di'awoff water available 
for artificial supply at a certain rather high level of the feeding river. 

These canals can be cut transvei'se to the main direction of the rivoi-s, as 
the Siamese klongs in general are and which I'epresent the most primitive and simple 
kind, or they can follow in principal the main direction of ih.; river, with a los.s 
rapid slope than has the river itself, to carry the water on snnie distance from the 
off-take at a more elevated level than the river has in the same roo-inn. This kind 
of inundation canal is for instance the principal type of the Punjab canals, and 
was so too or the Egyptian canals, till in latter years most of them were transformed 
into iiTigation canals. In Siam the Menam Nawi may in some respects be considered 
as belonging to this last kind of canal. 



[as ] 



Irrigation canals are those that can always draAv water from the feeding 
.rivers, if .the rivers only contain some water. If the rivers, and hence the canals 
also, carry a considerable quantity of water throughout the year, the canals are 
named perennial; if this is not the case, they are named seasonal irrigation 
canals. 

Irrigation canals drawn off from the Menam Chow Pya or from the Pasak, 
the Meklong or the Bangpakong rivers would of course be perennial, these rivers 
having also in the dry season a considerable discharge. 

A thoroughly adequate irrigation system requires not only a system of 
irrigation canals with distributaries and subdis tributaries by which water can be 
supplied at will to every part of the area under command, but also a drainage 
system by which from every part of the fields any undesired quantity of water 
can be drained off, and a system of embankments, formed chiefly by the earth 
excavated for the construction of the canals, destined to irrigate the fields, on the 
;high ridges along the rivers, which embankments serve to prevent extraordinary high 
floods from overflowing the banks at other places tlian those suitable for the purpose. 



Adoantaqes '^^^ advantages, which would be connected with an adequate irrigation and 

of adequate ij^rajnage system in Lower Siam, will now be coasidered in comparison with the 
irrigation. 

present circumstances. 



Failure of It has been shown and is generally acknowledged that scanty rainfall is 

^^^P- 'the predominating cause of failure of crop in Lower Siam. 

1. In the first place attention must be drawn to the fact, that an 

adequate irrigation system would provide in the most efficacious way against the 

' considerable shortage of water for rice cultivation, in ordinary times caused by 

■ insufficient ordinary rainfall, and especially in the pressing want of water 
experienced in times of very scanty rainfall. Accordingly failure of crop in consequence 
of drought would be prevented and a regular crop secured for the regions concerned. 

' . . As under. present conditions howev.er, the available quantity of water is almost 
always insufficient, whilst in consequence of adequate irrigation it will be always 
sufficient, that is to say, much better than at present in the most favourable year, 
therefore not only a regular but a plentiful crop as well may be expected. 

What would be the importance for Siam of these results of a water supply 

-may be inferred from the difference between the average, the minimum and the 
maximum of the quantity of rice exported in the last lO years. 
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The minimum export being 203,900 Eng : tons, the ordinary export about 
470,000 Eng ; tons ( average of 189-l:-96 and 1898-1900 ), and the maximum export 
775,500, the difference is about 300,000 tons between the maximum and the average 
for ordinary years and 570,000 tons between the maximum and the minimum or 
when the figures for 1893 are to be reduced by 100,000 tons, about 200,000 and 
470,000 tons. 

The average price of export-rice may be put for the last 4 years (1898-1901) 
at $ 3.20 per picul ( according to the figures for the quantity and the value of the 
exported rice, as mentioned in the Custom house returns of 1898-1901 ), or ticals 90 
per Eng : ton, so that the difference in the quantity of rice exported between an 
ordinary and the most favourable year represents a value of 27 millions of ticals and 
the difference between the minimum and maximum of the quantity exported amounts 
to the value of 51V2 millions of ticals ( or 18 millions and 42V2 millions of ticals in 
the case the exported quantity for 1893 is to be reduced by 100,000 tons). 

Every one acquainted with the agricultural conditions of Siam will agree 
that the loss of national wealth, expressed by these differences, must be principally 
Imputed to want of sufficient water for the rice crop. 

All the officials and cultivators I have questioned about the matter invariably 
imputed the repeated failure of crop ( in many cases people said the crop failed in 
average once in 3 years or twice in 5 years ) to want of sufficient water. 

Failure of crop occurs under three different forms namely, at first when 
arable land is not cultivated in consequence of unfavourable circumstances, secondly 
when on cultivated fields the plants wither and die without bearing any appreciable 
crop and thirdly when a plantation bears a smaller crop than could be expected under 
normal conditions. 

The first case occurs when the rains are so late that cultivation begins 
to be come hopeless for the season ;. the second case is generally caused by breaks 
in the rainfall, which are frequent in Lower Siam ; the third case is chiefly 
connected with untimely cessation of the rains and the flooding. 

All three forms of failure of ci'op are common in Siam and often occur to 
a great extent. 

No one, who has seen the effect of irrigation, has any doubt that such a 
thing as failure of crop practically occurs in regions commanded by a really adequate 
irrigation and drainage system, as the regular supply of water is equal to cope 
successfully with all three forms of deficiency of rainfall. 
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As a general example of the effect of irrigation may be mentioned here 
some statements about Java, where about 60% of the paddy fields are more or 
less irrigated and 40% for watersupply depend upon rainfall only. 

Over the 12 years period 1885/1896 the average produce of the paddy fields 
that have yielded crops has been per bouw ( 7096 M.^ ) : 
for the fields more or less irrigated 29-5 picul ( of 61-76 K. G. ) paddy and 
„ „ „ depending upon rain only 190 

Moreover on an average during this period the crop has failed totally : 
for the fields more or less irrigated at the rate of 4"4°/o and 
„ „ „ depending upon rainfall only, of 14-3% of the extent under cultivation. 

It must be taken into consideration that for the greater part of the 
irrigated fields the supply is precarious and rather irregular and that the average 
rainfall in the paddy growing regions of Java is about 2 00 M. 

A more specified example can be taken from the great residency of 
Soorabaya, where about half the paddy fields are irrigated and the other hall depends 
upon rainfall only. 

The average produce of the fields in this residency that have- yielded a crop 
in the 6 years period 1891-1896 has been per bouw : 

for the fields irrigated 382 picul paddy and 

J, „ depending upon rainfall only 16'6 picul. 

Moreover on an average over;' this pericM'the crop has failed totally: 
for the fields irrigated at the rate of 0.9% and 

depending upon rainfall only, of 19-8% of the extent under cultivation. 

In the residency. of Soorabaya the water supply of the irrigated fields is far 
superior to the supply of the irrigated fields of Java in general ; on the other hand 
the average rainfall, ( about 1-70 M. ) is considerably less than the general average 
rainfall of the paddy • growing districts of Java. 

The statements regarding the average crops are based on the results of 
the annual harvest-weighihg-experiments, made for statistical purposes and landtax 
assessment, in great numbers all over the country, ( published in the Xoloniale 
Verslagen). The figures mean dry paddy in the ears. 

The effect of adequate irrigation is especially well exemplified by two 
neighbouring provinces in the residency of, Soorabaya in Java: The province of 
Sidoardyo, in which are 44,000 bouws of paddy land (1 bouw=7096 M.^^iVie rais) 
is well irrigated by the Brantas delta works. The province of Sidayo, with 40,000 
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bouws, has no irrigation or drainage works. In the former province the failure of 
the rice crop in the most unfavourable year did not reach 0-l% of the total; and in 
the latter the average of failure in the period J 889/1898 was 3-1%; but in 1896 

67% of the crop failed totally. 

In the former province the average of the successful crop per unity of extent 
is nearly three times greater and moreover of much better quality than in the later. In 
the former the land tax paid is 12 guilders per bouw, in the latter leSvS than 3 guilders. 
(The assessment in the latter is 4--10 guilders, but an average of 34% is written 
off for failure of crop). 

Besides the loss of their crop the cultivators of Lower Siam meet with other 
losses connected with the present system. Firstly they loose much time in 
waiting for the regular rainfall, to begin to till their fields and secondly often the 
new sown paddy is Inst, frequently even twice in one season, by periods of drought 
following short rainy periods or by untimely high water. 

Loss of new sown paddy occurs so often that a great deal of cultivators 
reckon as a rule on sowing twice, which causes a loss for seed grain only, valued 
at about V4 Licals pei' rai. 



Anailable time ^- Secondly one of the principal advantages, resulting from an adequate 

for cuitiDation ; jj-piffation system, would be that the total space of time available for cultivation of 
quality and 

quantity ofi the main crop, rice, would be prolonged greatly, 

crop. 

Under the present conditions, in ordinary years, according to the rainfall 
statistics. May is the first month in which any considerable quantity of rain falls 
and October the. last. It is. in general practically impossible for the cultivators to 
■work their fields before the soil is soaked thoroughly by rain, the clayey soil being 
too hard and stiff, to be worked diy. In the period of 6 months ( May-October ) o.f 
which the first month ,is almost always at the best only half available, the fieldp 
must grow wet and soft, must be ploughed and harrowed, the seed has to be sown, 
the seedlings transplanted and the crop must grow and mature. 

In the lowest strips of land, between the main rivers, to which I often 
have referred, iti consequence of the flooding the available time is longer by at least 
a month or even a month and a half to two months, when the high floods in the 
rivers continue very long. 

To lengthen somewhat the available time, principally In order to plant, and to 
ripen the crop, generally under present conditions a great part of the people are obliged 
to. take to scooping or pumping water from the klongs on the fields ; but as has. been 
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said before, in this way they can only provide a poor supply for a small part of 
the fields in the immediate vicinity of the klongs, and the time spent on this 
scooping or pumping is deducted from the time available for reaping and planting. 
When they take to scooping on behalf of their nursery beds, as also very 
often occurs, then the time and labour spent on this work is greatly prejudicial to 
the labouring of the fields. 

Still another method of lengthening the available time specially for reaping, 
is to commence to cut the paddy when yet unripe and to go on cutting when 
over ripe. 

The necessity of employing these methods to lengthen the available time for 
agricultural operations must of course have a very unfavourable influence on the 
quality as well as on the quantity of the crop. . » 

Moreover in years of very scanty rainfall and early fall of the rivers, people 
not only get a small and bad crop, but besides in general they experience the 
greatest trouble in reaping what crop they obtain. 

In such years, in the higher tracts tiie greatest part of the paddy generally is 
too young to run to seed, before the rains have ceased and the rivers subside, and dies 
in consequence of drouglit, wiihout giving any, crop ; in the lower tracts, however, the 
water falls slower, and there the greatest part of the crop does not quite fail, but 
when the water falls, ripens all at once and for the most part, of course, very 
prematurely, which causes the crop to be small and of bad quality. 

In such cases people must try to reap in a couple of weeks what they 
intended to do in at least a couple of months, and quite unexpectedly hands fall 
short everywhere in the lower tiirct-s ; in consequence the crop already bad, grows 
still worse. 

As a natural consequence of the above circumstances all the agricultural 
work is done in a hurry. The cultivators, after waiting weeks in forced idleness 
for the rains, woik the soil very superficially and even this superficial work is 
often still very difficult, as the soil is stiff and clayey and it is not always possible to 
wait till the ground is thoroughly soaked. 

Sowing and transplanting is conducted with the same speed, care being 
l)estow^ed on the work, of course, in reverse proportion to the haste. The weeds 
even seem inspired by tlie urgency of speed, their roots and sprouts being little 
molested by the superficial labouring of the soil, whilst no flooding checks many 
species which, at least if cut, could not withstand inundation ; they try to outgrow 
the paddy and often succeed in doing so. To cope with the weeds causes the 
people a great deal of extra labour and moreover these weeds damage the crop 
greatly both in quality and in quantity. 

In connection with the exent of paddy fields worked by the cultivators, 
the space of time of 5 to 6 months available in noi'mal years for the cultivation 
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of the bulk of th.e fields, enables them only to plant these kinds of paddy, which 
become ripe in a period of 3 to 4V2 months ( Icao bao) and these even often can not 
obtain their full requirements with regard to time and water. 

Now these kinds moreover, even when fully developed, neither give the most 
valuable rice nor the greatest crop. The more slow growing kinds ( kao nak), that 
require 5 to 6V2 months to ripen, are in general considered as being greatly preferable 
in both respects, at least when they are not impeded in their growth, by want of 
water for instance, as in Siam generally is the case. 

When however in Lower Siam the cultivators plant these kinds, the lack 
of water often causes the crop to be poorer in quality and quantity than that of 
the fast growing kinds. 

It is only in the lower strips of land, frequently referred to, midway between 
the main rivers, that cultivation of the slower growing kinds appears to be possible; 
and in these parts the conditions with regard to labouring of the soil, also are much 
more favourable, whilst the same is the case with coping with the weeds, because 
a great deal of the weeds cannot stand inundation and die if cut under 
water. 

As I must infer from my inquiries, in these lower parts people indeed get in 
general, besides a greater crop, a considerably higher price for their paddy than 
in the more elevated tracts. 



Deterioration Complaints often have been made by the traders, as for instance was stated 

of Siamese rice. 

in the last British Consular Repoi't about the Bangkok trade, that the quality of 

the Siamese rice brought to the market, is steadilly deteriorating, which the report 
imputes to want of care in the selection of the seed-grain and in cleanino- and 
preserving the grain, due principally to scarcity of labour: 

These causes of course will always have had a considerable influence on 
the quality of the Siamese rice in general, as agricultui'al methods are primitive 
in Lower Siam; but it seems rather unacceptable that they could act to deteriorate 
the . quality, because there seems to be no reason to admit that labour is growino- 
more, scarce and the cultivators attend less to their work now, than they foi-merlv 
used to do. 

The contrary is most likely more probable, because the improvements introdu- 
ced in civil and financial administration, police and justice and the abolishment of corvee 
and bondservice must have contributed greatly to the general peace and security 
and ,to liberty of action of the people, which consequently will have acted as an 
encouragement to their zeal and industry. 
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That this is really the case is proved by the progress of foreign trade. 

The imports have increased from $ 10,872,016 in 1888, the first year 
for which regular records are available, to $ 29,520,730 in 1901; the exports from 
% 16,342,026 in 1888 to $ 46,828,791; and the total foreign trade from $ 27,214,042 
to $ 76,349,521. Even when keeping account with the fall of silver currency * and 
with the fact that 1901 was a prosperous year (which however 1888 was also as 
the statistics of rice export [see page 28] show^ most evidently), the increase is 
exceedingly great and cannot but indicate a degree of progress, which it would be 
difficult to reconcile with decreasing care and industry of the people in their 
principal means of subsistence, the rice cultivation. 

Decrease of hands too is not acceptable, though the sanitary conditions of 
the people are bad indeed in Lower Siam, because scarcely any woman lives single 
in Siam, families seem veiy large in general and everywhere in the country the 
villages are swarming with children ; over and above this, the population is 
augmented annually by a considerable immigration of Chinese. 

The causes of the deterioration of the quality of Siamese rice, in all 
probabitity, must be looked for in another direction. 

Improved security of person and property, enhanced liberty of action and 
increase of population have caused people to open up new arable fields to of steadily 
increasing extent, ** but the most suitable tracts, specially with regard to water 
supply, fertility and transport facilities, being previously already occupied, people 
have had to content themselves with less favourably situated fields, which in 
connection herewith yield a pooi'er crop, both in quality and quantity ; this will 
be one of the causes of tlie deterioration of Siamese paddy. 

A second cnuse can be traced to the neglect to of up-keep of the klongs, in 
consequence whereof the watersupply has grown worse and the crop of the lands 
Ibno- under cultivation will have deteriorated. These klongs, as was explained, are 
constructed without any headsluices to obstruct the entrance of sand and heavy 
silt, and with their slow current they have a strong tendency to silt up. The abolition 
of the corvee and the attention paid to reforms in other directions, may have been 
one of the principal causes of this neglect. 

A third cause may be sought in riiinfall having decreased and grown more 
irreo-ular, and the duration of the time of high river level having grown shorter in 



* The average, price of silver in London was 42|d per st| .ounce in 1888 and 27-^^d. in 1901. 

** The amount of the paddy landtax was in the year 112 ( 1893/94 ), a very prosperous 
vear Tic. 1.357.861.43 and in the year 120 Tic. 2.914.389.— .The assessment per unity of extent in 
both years was the same. 
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consequence of progressive devastation of forests, wliich is stated' (see in Mr. 
Warington Smyth's book "Notes of a journey on the upper MeJco?ig p. 25) to be 
the case in- the hill regions of the upper Menam basin, principally in connection 
with the necessity of frequent changing of the fields for hill rice cultivation. 

It appears to be a current opinion in Siam that rainfall has been decreasing 
both in the Upper and in the Lower Menam Valley. Decrease of rainfall, of course, 
tends to prejudice the development of the crop and will besides induce people to 
reap unripe and overripe paddy. 

A fourth cause may be that, in consequence of a,gi'icultui-al impi-ovement in 
other rice growing countiies, while the quality is deteriorating in Siam, the demands 
of the trade with regard to quality appear to be enhanced. 

A fifth- cause may be that increase of the wants of the country people for things 
they have to buy compells them to sell an increased percentage of the ci'op, including 
paddy of poorer quality, which they otherwise would have kept for their own use. 
Besides for the same reason, in some cases people may have taken up more land than 
they could work satisfactorily under present circumstances, which of course also 
will be damaging to the quality of the crop. 

Last though not least, the fact that during many decades a continually 
increasing quantity of rice has been e.xported, will have deprived the soil of a j^-reat 
part of its fertilising substances, which are not in any way replenished by means of 
manure or by deposition of silt in any important quantity. This process continues 
and will have a prejudicial influence on the crop. 

The fact in question is- most likely due to all the above mentioned causes 
acting together ; but however this may be, there is no doubt that by removing the 
principal irapedini'^nts to improvement of agricultui'e, namely, the want of water 
and, in connection therewith, of sufficient time for proper tillage of the fields and 
■for the requirements of full growth and ripening of the rice crop in general, and 
of the better kinds of paddy in particular, further deterioration of the Siam rice could 
not only be checked, but on the conti'ary, the quality could be much improved. 

Under present circumstances the conditions of growth for the crop a|)ne'ir 
to have a positive tendency continually to grow woi'se. The plants adapt themsolv 
to this alteration of circumstances, the rice plants specially having a very 
and complete faculty of adaptation, so that when the conditions are altei-ed to 
worse even the best kinds of paddy will deteriorate quickly. On the ■ contrary if 
conditions are changing to the better, cmsequently the paddy also will improve 'b 
importing seed of kinds of paddy that are already adapted to better circumstances 
the process of adaptation and improvement of the local seed can be ■ ri 
introducing better seed without improvement of the conditions of growth 
but prove deceptive. 
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Better growth of the crop and cultivation of the better kinds of rice would 
however not only tend to improve the quality of the rice, but in consequence 
of the more favourable circumstances, the average quantity of the crop also can be 
expected to rise considerably above the best average quantity under present conditions. 

^oailable time It will easily be seen from what follows, that an adequate irrigation system 

jor cultioation 

continuation. ) '^ould improve greatly the conditions of paddy growing by causing a great prolonga- 
tion of the space of time available for cultivation. 

The quantity of water available for irrigation in the dry season and in 
the very beginning of the rainy season would enable the cultivators, if required, to 
prepare and sow their nurseries far earlier than under present conditions, when 
it is necessary to wait, until the rains have soaked the soil sufficiently to make this 
possible, and are regular enough to make it advisible, with a fair chance of success. 

Owing to a fortunate peculiarity of many kinds of Siamese paddy, the seedlings 
may be still transplanted even when one meter high ; thei'efore no considerable 
difficulty will be experienced due to the uncertainty of the rise' of the river and 
of the amount of water that will be available to saturate and work the fields^ after 
the nurseries have been prepared. 

This peculiarity of these' kinds of paddy is an interesting example of the 
plants adapting themselves to the conditions they have to' deal with, and this and 
still more the floating paddy, are most remarkable agricultural achievements. 

As is shown by the already mentioned gauge observations at lock Chulalong- 
korn from 1896 till now, a couple of w«eks before the rains begin to fall fairly regularly 
in the lower plains, the discharge of the great Menam, and also of the otner rivers, 
begins to rise. Most likely nearly a month, but certainly more than half a month 
before the time the fields under the present conditions are soaked sufficiently to 
be worked, the discharge of the rivers will be sufficient to meet the fuh momentary 
want of water supply to soak the fields thoroughly, in proportion as the cultivators 
are able to labour them. 

When the rains in the lower plains cease at the end of October, there 
is still a period 'of two months and a half during which the great Menam and 
probably also.tho other main rivers have a sufficient discharge for all the then 
wants of the rice crop. Under present conditions inordinary years only the lowest 
. strips, of land midway between the main rivers can profit for a period of about a 
month or so of the high floodlevel or the rivers, because generally at the commence- 
ment of December the high floods have already subsided so much as to be on longer 
of real profit, even for the lowes fields. 
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It is therefore certainly no exaggeration to- expect that, by an adequate 
irrigation system, the time available in ordinary years for the cultivation of the 
principal crop, will at least be prolonged by two months and a half as far as regards 
the bulk of the fields that practically depend upon the rainfall only, and one month 
and a half for the now most favourably situated small strips of land midway 
between the main rivers. 

Besides iiicreasing the available time for the cultivation, regular supply of 
water will enable people to have the soil thoroughly soaked, before they commence to 
work it, which will faciUtate and accelerate working the fields and coping with the 
weeds, and therefore even involuntarily improve the labouring and weeding. 

The consequence of all this must be: more favourable conditions for' 
ricegrowing in general, and better cultivation of better kinds of paddy in particular ; 
thus improvement of the quality and quantity of the crop. 

The importance of improvement of quality may be inferred from the fact 
that in Java in general the price of imported Siamese rice is 4V2 to 5 guilders 
per picul, whilst the good quality Java rice costs 6V9 to 7 guilders a picul, and 
the very best Java rice ( Indramayoe ) often fetches 8 to 9 guilders and more for 
export to Europe. * 

' The market value of Siam rice in general is now already higher than that of 
Rangoon and Saigon rice, which is encouraging and seems greatly in favour of the 
Siamese cultivator and Siamese soil, the rainfall being in Hurmah and Cochin China 
much more favourable for rice growing than in Siam. 

A less abundant rainfall in all probability is no longer a disadvantage 
with regard to I'ice growing, if only the water required is supplied artificially, 
because then the sky is less clouded and sunshine more profuse. 



Extension 3. a third considerable advantage connected with an adequate irrigation 

of culticated 
art-a. system would be, that the extent of land tillable by the same hands will increase 

considerably, in' consequence of the work being easier when the soil can always 

be saturated and inundated at will and of the entire space of time available 

for agricultural operations being prolonged by at least two months and a half for 

the ordinary fields and one month and half for the small part of most favourably 

situated lands. 

In the present conditions the cultivators often lose their time by waiting 
for weeks till rain has fallen sufficiently and is regular enough to enable them to 
begin the work. Then they must huny on as much as possible in labouring the fields, 



* The rice of Indramayoe and of Kandanghauer was sold at Batavia ( in lots of 
about 40,000 pioul ) in 1898 respectively for 8.54 and 8.88 and in 1899 for 8-61 and 9-60 
guilders per picul. ( Reports Chamber of Commerce, Batavia ). 
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in sowing and in planting their paddy, to have the crop in a si.ifficienfc state of 
ripeness when the rains cease and, as far as regards the small strips of low land 
midway between the main rivers, when the rivers subside. 

The want of inundation during the labouring of the fields, causes the weed i 
to flourish instead of dying and this afterwards entails a great deal of labour, frequently 
with little result, in the endeavour to prevent them overwhelming the crop. Wit'i 
inundation, most weeds die, especially when cut under water. 

To lengthen somewhat the time available for the ripening of the crop 
when the rivers are falling, most of the cultivators are obliged to ta.ke to scooping 
and pumping. This operation produces only small results and occupies a great 
deal of time, which is deducted from the time, available for harvesting. 

When people are obliged to take to scooping or pumping to save their nurseries, 
as is often the case, the time spent on this is deducted from the time available 
for working the fields. 

The extent of land which can be cultivated by one person is limited by the time 
disposable for the agricultural work, and in particular by the time available for 
reaping, which is the most laborious operation in rice growing. 

The labouring of the fields and the reaping of the crop proceed gradually, 
the latter due partly to the fields being planted and sown gradually and partly 
to the paddy planted requiring different periods of time for ripening. By this 
means the cultivators strive to arrange matters so, that during the whole period 
of harvesting there shall always be enough of their crop ready for the reaping, as 
can be managed by the hands available. But untimely cessation of the rains and 
fall of the riversj often spoil these calculations and cause the crop to ripen all 
at once ( or to fail ). 

The extent of the farms therefore as a rule is limited by the amount of 
land tiiat can be harvested by the hands available within the harvest period. 

The hands available consist in general of the farmer and his family, to 
which are sometimes added one or two servants hired for the season. 

The time of reaping begins when the fastest ripening kind of paddy is 
mature and lasts until after the ceasing of rainfall or flooding, when paddy can no 

longer ripen. 

In many cases, as may be mentioned here again, people try to prolong the 
period of reaping by beginning to cut still unripe and ending by cuttng over-ripe 
paddy, both of which tend greatly to spoil the quality of the whole crop. 

In the small strips of land between the main rivers, where after the rains 
have ceased, flooding still continues for some weeks and the hands are not so 
frequently witiidrawn from harvest work for scooping, the reaping period is 
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considerably longer than in the higher lands,; that are only flooded' for a short 
period during the heavy rains, when water is least' required, or even are not. flooded 
at all. 

In general the extent of land worked by a single family in these small 
strips between the main rivers appears to be much greater than elsewhere. 

Prom numerous inquiries I made into this matter, I infer that an average 
farmers family consists of husband, wife, 2 or 3 half grown ap and a couple of young 
children ( adult children are scarcely ever seen in Siamese farmers families, they 
are either serving their term as soldiers or are in the priesthood or already married 
and established themselves), and that in the lowest strips^ofTandbetween the main ' 
rivers, such families as a rule work no less then 80 to 100 rais and sometimes 200 and 
more rais of paddy fields, without servants or labourers ; whilst in the higher regions, 
where no flooding occurs or flooding ceases nearly together with rainfall, very few 
families appear to work more than 30 to 40 rais and 60 rais seemed to be the 
very maximum. 

Specially in the last mentioned tracts, uncultivated land is over-abundant ; 
but always, when asked why people did not cultivate more land and work as large 
an extent as in the lowest reaches along the klongs, they replied that they could 
not work such an extent, because they had more trouble with the weeds and a 
much shorter space of time for reaping their crop. 

In the lower parts of the Klong Rangsit region, where by the effect of the 
retaining-locks, the flooding lasts longer than anywhere else in Lower Siam, the 
extent of land generally worked by a single family often appears to be still greater 
than in the most favourable pans of the other klongs. 

Prom these facts may be inferred that an adequate irrigation system, by 
which the time available for cultivation will be at least prolonged by two months and 
a half for the bulk of the fields, by which working the fields and coping with the 
weeds will be much easier because the soil always can be thoroughly soaked 
before being worked, and by which the fields can be inundated at will, would enable 
the cultivators to work at least double the extent of land that they can work now 
in the more elevated tracts. 

For a country like Lower Siara, where uncultivated land is abundant, this 
result of .'irrigation gives an enormous advantage, which in. densely populated- and 
entirely cultivated regions is of no effect. 

A considerable extension of the area, under cultivation therefore can be 
expected, as a consequence of carrying out an adequate irrigation and drainage system, 
which moreover will render more accessible a ggod, deal of, waste land. 
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By the way I cannot neglect to observe that the ability the Siamese farmers 
.show in cultivating, though the method is rather primitive, such a considerable 
extent of land ( at least some 5 to 10 times greater than for instance is usually 
the case in Java and India ), is quite remarkable. 

The cultivation of such extents of field would be a serious matter, even for 
the hai-d toiling farmers of Western Europe, where however cultivation requires 
much more labour than rice growing in Siam. 



Silt on the 4. The fourth principal" advantage of -an adequate irrigation svstem will be 

fields. ^ 

that by means of the current in the main canals, the distributaries and the sub- 
distributaries a great quantity of silt will be carried to the fields. 



It has already been pointed out that under present condition, scarcely 
any of the silt of the rivers comes to the fields. The fact was also referred to 
that it is quite certain that the silt of the great Menam and the Meklong rivers is 
of great fertilizing power. Wherever I saw the water from the rivers or from the 
running klongs, which draw their water from the rivers, spreading over the paddy 
fields, this was most obvious, from the fact that round the spot where the water 
entered into the field and therefore the greatest part of the silt is deposited, the 
growth of the plants was extremely luxuriant, compared with the rest of the field, 
and still more compared with neighbouring fields at a greater distance from the 
river. 

The water of the Brantas river, one of the principal rivers of Java, shows 
the same effect to about a similar degree and scientific experiments on the quantity 
of available nitrogen, potassium and phosphoric acid contained in the silt of irrigation 
canals fed by that river, have shown that its manuring value is half as great as that 
of stable manure of cattle. 

The manuring value of the silt deposited on one bouw ( 7096 M.^) of paddy 
land irrigated from the mentioned river in one rainy season can be estimated, only 
with regard to the available nitrogen ( the nutritious matter generally in minimum 
in the iirigated plains of Java ) on about 16 guilders per bouw i. e. about 5 ticals 

per rai. * 

One of the principles of adequate irrigation is, that the water on the fields 
is never stagnant but always flowing, being the superfluous water supplied by 
irrigation or rainfall, drained off in drains and canals destined for the purpose. 

The aim of this system of continual supply and flow off, to as great a quantity 
as possible, is to prevent stagnation of the water on the fields, which is considered to 



* See next page. 
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be very disadvantageous to the prosperous growth of plants, and at the samfe time to 
increase as much as .possible the quantity of silt carried to the fields and to distribute 
it as proportionately as possible. 

As the water of the great Menam and other available rivers contains a great 
quantity of fine silt that can be easily carried on by any current, and as the 
fertilizing value of this silt is indisputable, therefore the quality and quantity of the 
crops could be improved greatly by carrying this fertilizing silt to the fields by 
irrigation. 

In all probability, a proper supply and distribution of this fertilizing silt to 
the fields will form the most effective and least expensive method of compensating 
for the damage, inflicted on the soil by the continued export of agiicultural pi'oduce 
on a large scale. 

This function of the system is of course closely connected with and greatly 
depends on adequate drainage works. 

-'addy na muang. 5. Besides the above, there is still another reason, connected especially 

with adequate drainage, from which an increase of the quantity as well an 
improvement of the quality of the crop may be anticipated. 

Some parts of the low tracts of land lying between main rivers are situated 
comparatively very low. The existing canals, which run through these parts are 
all, except the klong Rangsit, in open communication with the main rivers, and 
so tend to raise the floodlevel on the lowest fields to the same level as the rivers 
have at the locality where the klongs join them. 

* The results of the investigations made by the Agricultural Station at Passoeroean 
( Java ) are as follows : — 

•Two series of samples (A. & B. ) taken daily, during a period of 65 days, at two 
different places from the Brantas delta canals (irrigated area 33.000 A. H. ), held on an 
average 408 m. G. (samples A.) and 422 m. G. (samples B.) silt, dried at a temperature of 125° C. 
On an average the silt contained : — 

Phosporic acid. Potassium. Available Nitrogen. 
Samples A. 0.66% 0-60% 0-27 7 

B. 0-35 „ 0-43 „ 0-25 ,° 

A water supply of 1.5 L. per bouw and per sec, as is usual for the paddy fields 
commanded by these canals, amounts in a period of 120 days to 15,552 M.» and carries to the 
fields, according to the least favourable series of samples B., a quantity of 6,563 K. G. dry silt 
containing 22-97 K. G. Phosphorie acid, 28-22 K. G. Potassium and 16-41 K. G. available 
Nitrogen ; the value of the available Nitrogen, when applied to the field, being on an averac^e 
about 16 guilders as mentioned above. 

Investigation of the quantity and quality of the silt held by the water of some irrigation 
canals in other regions have shown similar results. 

Prof. Adolf Mayer, in his Handhuch der AgricuUurchemie, states as average fio-ures 
for stable manure of cattle : Phosphoric acid 0.27% Potassium 0.67%, and available ISlitroc'en 
G-54% 
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The water in the rivers in ordinary years rises to about the ground level of 
the banks, and as the klongs generally run about transverse to the main direction of 
the rivers, the flooding in the lowest parts naturally must become very deep in 
consequence of the slope of the ground in the direction of the klongs. Moreover the 
dykes of excavated earth alongs the klongs add no small part to the natural 
obstructions against drainage and so at the time the water in the rivers and in the 
klongs is growing to the highest level and rainfall is still heavy, the very lowest 
parts often become flooded for some time as deep as 2 M. and more. In these 
conditions only na muang paddy can be cultivated. *' 

The na muang or floating paddy has assimilated its character most 
wonderfully to the hydrographical conditions of its surroundings, so that even the 



kao Na Muang, floatin.s pnddy or field-rioe, is a variety of rice, peculiar to Siam, 
and imported into Cambodjn, and Cochin China, which grows especially on deep inundated 
fields and has adapted its character in a most remarkable way to the conditions of the locality. 
t After a very superficial labouring of the soil, this rice is sown broadcast on the fields, 
which in general are not parcelled out by smaU imbankments, as usually is the case with paddy 
fields. 

Sometimes, if there is already too much water on the fields for sowing, the grains are 
planted in small holes made by pointed sticks, and afterward filled up by the feet of the 
planter. 

The paddy then sprouts and grows quickly ; during the period of vigorous growth a 
growth of even 5 c. m. a day is often stated. If now the water does not rise quicker than the 
paddy can grow, then the plant may bear any inundation of even to .3 or 4 M., the stalks growing 
so long that the top of the plants and the leaves are always above the water. 

The stalks, under the influence of wind, current and their own weight, take a slanting 
position, the top being bent up again however. When the flood is very deep and the stalks 
become very slanting, then the plants can grow to an enormous length, 6 to 8 M. being no 
exception. When the water does not rise high, the plants grow like a vigorous kind of 
common paddy. 

Another peculiarity of the plants is that new systems of roots and also new stalks 
sprout from the nodes. These roots however do not reach the ground but feed upon the water 
only. 

With one particular kind, growing in very deep water, the original stalk and roots 
become very slightly developped, but are preserved merely as a kind of cable and anchor by which 
the plant is retained on the spot, whilst the nutrition-functions almost entirely depend upon the 
root systems that sprout from the nodes and feed upon the water only. 

These facts, it may be observed by the way, are of great importance as to the function 
of the water with reijard to paddy growing and. confirm the opinion that paddy for its nutrition 
and orowth does not depend in such a degree as other cerials, upon the soil and its contents of 
nutritious substances and humus, as an intermediary, but can utilize directly the substances 
contained in the water. They also contribute to explain how it is possible that well watered 
fields year after vear can yield a good paddy crop without showing visible signs of deterioration. 

The paddv na muang is generally weeded, and if the water has not yet subsided when 
the crop is ripe, also harvested in boats. In the last case fishes often consume a good deal of 
the crop. 

There are quickly and slowly ripening kinds of paddy na muang and also glutinous kinds. 

The crop often fails partly or totally, in consequence of the water rising too fast, and 
submero-ing the plants, or falling before the plants have formed their ears and are able to ripen. 

The crop, even under favourable circumstances, is considerable smaller and of poorer 
quality than that of common rice. 
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highest flood will liot injure it, provided only that the high floods do not come 
when the plants are too young or that the water does not rise too fast. 

One of these things however, or both of them, are likely to occur rather 
frequently and cause a good deal of the na rauang crop to be lost. People told 
me in many tracts they estimated one crop lost to two successful crops. 

In order to diminish the chance of failure of crop, therefore the paddy na 
muang fields must be sown as early as possible and in as short as possible a space 
of time. 

Withering and dying of new sown paddy then, however occurs very often in 
the na muang tracts. 

Some times even it is not possible to sow the paddy on the lowest tracts, 
because the time between the soil being soaked by rainfall and fit for labouring and 
being already inundated by drainage water from higher tracts is too short to allow 
any cultivation. 

On the other hand, when the water has gone down the crop must have 
grown to a sufficient state of ripeness to be able to become mature ; the uncertainty 
about the subsiding of the water therefore enforces people to take to comparatively 
early ripening kinds of paddy na muang. 

Owing to these two causes the extent of land that can be cultivated by one 
person with paddy na muang is limited, so as not to be much larger than for fields 
depending upon the rainfall only. 

Moreover any irregularity of the rise or fall or the water, while not quite 
spoiling the plants will soon impede the prosperous growth and damage the quality 
and quantity of the crop. 

At the best the paddy na muang, compared with paddy na suan, ( common 
rice ) gives a light crop of an inferior sort of rice. 

According to the information I obtained, a crop of 2/3 of the quantity of paddy 
na suan may be taken as a fair average and the price of na muang rice is about ^A of 
the price of good na suan rice in similar conditions. 

By an adequate system of irrigation and drainage the high flooding of the 
lowest parts would be obviated and all superfluous water drained off, so that the 
conditions of the present na muang fields would become the same as the future 
condition of the present na suan fields, and this will, for the localities concerned, cause 
the same advantages, but to a higher degree, as already mentioned, viz : 
i. Protection against loss of crops, by timely supply of water ; 

2. Increase of quantity and improvement of quality of crop, by planting better 
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yielding and more valuable kinds of paddy, in conpequence of the increase of the 
time available for cultivation ; 

3 Bstention of the lots that can be cultivated by one person, in consequence of 
lengtbening of the time available for reaping and of facilitating the labouring of 
the soil and 

4 Fertilization of the soil, by systemetically carrying silt to the fields. 



Villages, 6. Another advantage of adequate irrigation, depending also principally upon 

Gardens and ^i-^g drainage system connected herewith, is that people will be enabled to prevent 
Orchards. , , „ ^ 

the mundation of their villages and gardens, by di'aining them into the drainage 

canals. 



When the soil around their houses is not subjected to inundation, people will 
be able to plant fruit trees and cultivate other garden produce, which in the present 
circumstances is impossible or hardly possible in a great part of the country, because 
the young plants cannot withstand inundation,- even for a period of some days. 

It is a particular feature of Lower Siam, that trees, and specially fruit trees, 
are very scarce, except in the highest tracts along the rivers, and fruits are rare and 
high in price, which is due to the above circumstances. 

In some parts, for instance in the vicinity of Pakprio, even bamboo, tiiat 
stands flooding better, does not grow^ The high banks of the rivers and the 
dykes of excavated earth along the klongs, at present are the only localities where 
trees in any important number are found in the lower provinces of Siam. 

Clumps .of fruit trees in the villages all over the country would not only 
contribute greatly to the profit and the enjoyment of the people, but are considered 
also to be of favourable influence on climate and rainfall. 

The conditions of cattle breeding, with regard to treatment and for keeping 
manure, will become much more favourable also. 

Cattle breeding is of great importance for Siam, both with regard to the use 
of cattle for agricultural purposes, and for exports ; cattle being a considerable 
heading of the export trade (about $ V2 million a year), which shows however a 
tendency to decrease. 

Want of proper fodder and of good drinking water in the dry season and 
want of dry ground in many localities in the height of the floodseason, under present 
conditions are the principal impediments of the extension of cattle breeding in 
Lower Siam, and in particular of improvement of the breeds, which are not of a high 
standard. Better breeds have higher requirements and would not stand the period 
of scarcity of fodder and bad water, to which annually even a good many of the 
native cattle succumb. 

By proper drainage, the aspect of the villages would become quite changed and 
embellished and the inland people would gain greatly in domestic accomodation. The 
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habit prevailing in many localities of removing in the dry season from the fields 
to the river banks or to boats, would certainly disappear in consequence of the more 
habitable character the villages soon would assume, the more because perennial 
irrigation canals also will provide tbe whole area concerned the whole year over 
with fresh drinking water. 



Drinking and 7. The last mentioned circumstance constitutes a further advantage connected 

flushing toater. 

with an adequate irrigation system, by which a great pai't pt the population oi 

Lower Siam would be greatly benefitted. 

Under the present conditions, when the rivers subside, the klongs in the higher 
regions of the Lower Men am Valley gradually grow dry and in the lower provinces 
the water of the lower parts of the rivers and of nearly all the klongs grows salt or' 
brackish and quite undrinkable and remains so for a period of about 3 to 6 months.' 
In the klongs which are not quite dry or brackish in the dry season, the stagnant 
water gradually becomes bitter, or sour as people say, by the ground water draining 
oft into the canals. The ground water contains a good deal of magnesia and alum 
derived from the marine sub-soil, and is very hard and quite undrinkable. Wells 
therefore have generally also only bitter or sour water in the dry season. 

The consequence of these circumstances is, that a great part of the year 
people use all kinds of bad and dirty water which they have still at hand, and so 
try to get on as long as possible. In all probability this causes a good deal of 
disease for men as well as for cattle ; enteiic diseases being very common with men 
and live stock in the dry season. 

At the time the klongs a.re quite dry or the water they contain is too brackish, 
bitter or sour, people are obliged to fetch drinking water for themselves and their 
cattle, by boats or bullock carts, from the higher parts of the rivers, which 
often takes a journey of some days. The price those, who are not in the position to 
fetch water themselves, have to pay for fresh water, varies fi'om 1 to lo ticals a AI.^. 

To fetch drinking wa.ter during thi'ee to six months every year causes a 
great deal of trouble and work to men and cattle, which could be spent in a more 
profitable way, if fresh and comparatively pure water was distributed all over 
the country throughout the whole year, by means of perennial ii-rigation canals. 

This certainly would constitute the greatest and most general improvement 
ever achievable, of the sanitaiy condition of the whole population and live stock of 
the lower provinces of Siam, where at present enteiic diseases both of men and 
cattle are frequent, whilst up country they are rare. 
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It may be set forth hei'e that this advantage of perennial supply, though not 
the most important from a financial and economical point of view, certainly would 
form the most urgent of all improvements to be brought about by an irrigation and 
drainage system. 

It may be especially pointed out that a continuous supply of fresh water 
would be also a great advantage to Banglcok and its suburbs, and would probably 
prevent epidemic disease to a great extent, though it would not by any means 
render superfluous an aqueduct system for purified potable water. 

The cost and the working expenses of waterworks in that sense, however 
would be much reduced, as the water could be taken from the irrigation canals and 
thus the source of supply would be brought near to hand. * 

Further, water could, as a matter of course, be di'awn from the canals to 
scour into the river the dirt out of the drains of tlie capital. The requirements of 
irrigati(m will demand a wateiievel in the canals quite sufficient for the purpose 
of flushing the drains of the town all the year tiirough. 

It may be worth while to set forth that, however great the importance of 
providing drinking and flushing water for iiangkok may be, the whole, (probably 
10 times more numerous ) population of the entire lower provinces find themselves 
in much worse conditions than the Bangkok people, with regard to drinking water in 
the dry season and certainly suffer more and have a greater loss of life and property 
on that account. 



Dry season 8. Another very important advantage of a perennial irrigation system is that 

.rops. .^ ^^^^ ^^^^ season a considerable quantity of water will always be available for 

agricultural purposes. 

For a second crop of rice this quantity would not be sufficient, except for 
a small part of the total area under irrigation. 

A second rice crop however would not at all be advisable, because it would 
most likely tend to fatigue the soil, with regard to rice and so damage greatly the crop 



* In all probabity, under present conditions, the only way practically available to 
provide Banskok with potable water is to derive it from the great Menam, at a locality 
where the river never becomes brackish. 

Aecordincr to a provisional estimate of the Chief Engineer of the Local Sanitary 

Department the co^st of waterworks with a capacity of 20,000 M^ per day ( or 230 L. p. sec. ) and 

fFtake at Chiencrrak, 30 K. M. above Bangkok, would be about 5^ mill, ticals, of which amount 

°i million on Tcccunt of the pipe conduct of 30 KM. and pumping station, which could be 

omitted if the water could be taken from a canal with a steady current near Bangkok. 

' If the irri.^ation scheme is carried out, the Menam will be tapped of perhaps 9/10 of its 
ter and <^row brackish further upstream than at present. A pumping station then for its 
lupply would be obliged to have recourse to a neighbouring branch of the irrigation system. 
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of the proper paddy growing season ; moreover it would enhance the danger of 
diseases and blights of plants and crops, by breeding and continually keeping alive, 
as it were, the germs of disease, which else would probably die in the dry season, 
from want of suitable conditions of living. 

A second crop of rice, in other countries also, only is possible in very rare 
cases and generally gives poor results, so that often one proper rice crop in the 
rainy season has a higher value than a double crop. 

A second crop is often talked of, mostly by people who are little aware of the 
difference between a good and a bad crop, but only count a crop as a crop. 

Instead of rice in the dry season, it would however be possible to cultivate 
on the irrigated fields several other kinds of crop, which require no more than 
about one fourth or one fifth of the quantity of water required for rice and which 
would form a rotation with rice cultivation, and so not tend to detei'iorate the soil, 
but some crops, such as all kinds of beans, peas, and other leguminosae, on the 
contrary even will ameliorate it greatly, by increasing the nitrogenous substances 
of the soil. Most of these crops moreover water mature quickly and have a conside- 
rable value. 

According to numerous and very careful experiments made in Java, 
inigation of sugar cane, maize, etc. in the dry season requires on an average a 
quantity of 0.30 to 0-45 L. of water per sec. and per H. A. 

As suitable foi' second crop in the dry season may be mentioned maize, 
beans, pease, cotton, tobacco, earthnuts, indigo, casada, vegetables, etc., all which 
plants in tropical countiies require irrigation to yield a paying crop, however not 
in the way of continual inundation like rice, but only as a moistening of the soil 
from time to time by scooping or soaking. 

The quantity of water available in the dry season appears to be sufficient 
for the requirements of these kinds of crop to the whole present extent of the 
cultivated area under command. 

Most of these products, specially cotton, tobacco, indigo, earllinuts and 
cassada (tapioca) are articles of trade as well as of local use. 

Cott'in growing on a large scale would probably be precursory to cotton 
manufactory, cotton goods being the chief article of import of Siam. 

Tobncco is also imported in considerable quantities and no doubt could 
easily find a local market. 

For cotton and tobacco growing, the conditions appear to be favoui-able, because 
as shown by experience, dry weather and profuse sunshine do suit thtse plants 
particubirly, if only sufficient moistening of the soil is possible. 

Sugarcane, now cultivated as a garden plant, could certainly be grown with 
much success, if the watersupply and drainage could be commanded according to 
the wants of the cultivation, by an adequate irrigation and drainage system. 
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Half a century ago there were 30 sugar manufactories in the province of 
Nakon Chaisi, each working with 200 to 300 Chinese labourers and Siam exported 
sugar by shiploads, as Sir John Bowring mentions in his book on Siam. 

At present sugar is imported in Siam to the value of nearly two millions 
of ticals and sugar manufacture in Nakon Chaisi has nearfy disappeared, principally 
because the agricultural conditions were too unfavourable to admit of competition 
with the progress in cultivation of cane and manufacturing of sugar in other countries, 
and have grown worse by the decrease of the watersupply to the Supan river by 
the klong Makanitau, in consequence of the silting up of the mouth of that klong. 

If however an adequate watersupply and drainage system comes into operation, 
it may be expected that Siam will soon be able to compete in producing sugar at 
least for its own consumption. 

The cultivation of mulbery shrubs may be mentioned here seperately. On 
the possibility of these plantations the prospects of extension and improvement of 
sericulture depend greatly. This possibility is most closely connected with an 
adequate watersupply in the dry season, because moistening of the soil by fresh 
water is one of the first requirements for the shrubs to produce a good crop 
of leaves in that period ; whilst in the rainy season adequate drainage is indispensable 
and flooding disastrous to the plants. 

Sometimes people have wondered at rice being almost the exclusive crop in 
Lower Siam, and all other crops, as maize, cotton, tobacco, etc. as well as the cultivation 
of trees, being nearly neglected ; but in reality this is no surprising fact at all. 

In the rainy season the climate Is too wet, In connection with the 
conditions of the soil and the possibilities of drainage in the flat plains, to allow 
any cultivation, except rice, to succeed in nearly the whole of Lower Siam, though 
for rice- cultivaxlon the rainfall Is insufficient. Maize, cotton, tobacco, earthnuts, 
veo-etables etc. i-equlre for success a moist soil, but not a continuously soaked soil, 
to which the air can get no access, and still less do they require flooding. 

These plants cannot stand even heavy rainfall. Sugar cane and mulbery shrubs, 
for instance, stand heavy rainfall very well ; when sugar cane is already of a certain 
height it can stand even flooding for some time too, but mulbery shrubs and also 
fruit trees are soon badly affected by flooding. The scarcity and high prices of 
fruits point to the difficulties, fruit tree cultivation has to deal with. 

For these reasons all crops, except rice, in Lower Slam are grown on 
elevated beds, reaching considerably above the high floods, with deep ditches 
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between in which the beds can drain off. This arangemeut is practically only 
possible in the high tracts in the vicinity of the main rivers, which are of little 
value for paddy growing, and even there is very expensive. 

Adequate drainage would render possible the growth of sugar cane, mulbery 
and fruit trees all over Lower Siam J but even then, and on elevated beds, maize, 
cotton, tobacco, earthnuts, most vegetables etc would fail in the time of heavy rains. 
In Java it often occurs that even in the dry season these crops are quite spoiled 
by rain. 

jMoreover most of the other crops are less valuable than a good rice crop or 
require much more labour. 

Therefore it results from the climate and from the nature of the soil, that as 
under present conditions in Lower Siam, so even with an adequate irrigation and 
drainage system, rice will be the predominant crop in the rainy season. 

Siam has no reason to complain of this circumstance, as may be inferred 
at once from the fact that in many countries, for instance in Italy, Spain and in 
the last years on very extensive scale in the southern parts of the United States 
the farmers have abandoned cultivation of others cerials and crops for rice-gi'owing, 
where the climate allows and sufficient supply of irrigation water enables them to 
do so with success. The only reason thereof is, of course, that rice growing 
secures them greater profit. 

On the other hand in the dry season, without proper moistening, generally 
the soil is too dry for any successful cultivation ; even the most resisting grasses and 
weeds wither and in many localities the leaves of most trees and even of bamboo 
shrivel. 

Sesame ( teelseed ) is the only dry season crop grown under present conditions 
without watering, but only in a few very low places, where the level of the under 
ground water is least low. The crop appears to be very poor ; the export is about 
15.000 picul per year only. 

Under present conditions, moistening of the soil with fresh water is not 
possible, except in the vicinity of the higher parts of the main rivers, where the 
water remains fresh in the dry season. 

On the banks of these parts of the rivers formerly a good deal of cotton 
was grown and moistened by carrying the water from the river up to the fields 
situated at a higher elevation of many meters. Tliis operation however requires an 
enormous amount of labour and in later years, as labour has grown dear in Siam and 
the value of the crop was not so very great, this cultivation has almost been 
abandoned. 
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Maize and tobacco growing, to a small extent and for local use, continues 
however to go on in the dry season at many places on the banks of the rivers. 

If fresh water for moistening were available all over the country at the 
level required, cultivation of cotton, maize, tobacco, beans, earthnuts, casada, 
vegetables etc, will become easy and profitable and therefore most likely very 
general. Teelseed cultivation also will become much easier and more profitable 
though it is very probable that other crops will prove to pay better. 

Special attention may be drawn to the cultivation of grass or foddercrop for 
cattle on the paddy fields in the dry season, which would be possible all over Lower 
Siam, if water is rendered available by an adequate irrigation system. 

Orchards, which at present are only possible in the high parts near the 
main rives and now experience great difficulties in the dry season, when the water 
of the klongs and in the ditches between the beds is brackish, would of course 
also benefit largely from a regular supply of fresh water in the dry season and of 
drainage in the rainy season, so that a great extention of this branch of agriculture 
all over the country may doubtless be expected in the event of the introduction of 
an adequate irrigation and drainage system. 

Nacigation. ?>• ^Still another advantage which would accrue from adequate perennial irrigation 

works is a great improvement in interior navigation. 

Scarcely any landroads exist in Lower Siam, and to bring about a road- 
system under present conditions, moreover, would be rather difficult because the 
floods, even when lasting only for some days, would annually damage the roads to 
a great extent unless they were constructed on embankments reaching above 
highest floodlevel, which however would be extremely expensive. Such being the 
case, interior navigation and navigation canals are of the highest importance. 

Navigation provides the general and, almost the only means of transport and 
communication throughout Lower Siam, in which respect Siam is not so unique as 
many people imagine, but resembles, for instance, some parts of Holland. 

Water transport has the great advantage of being less expensive than any 
other means of transport and when the waterways are suitably arranged, they enable 
considerable rapidity of locomotion also. 

The advantages of waterways appear to be of such importance in modern com- 
petition, that the Royal Prussian Government, perhaps the most active Government in 
economical matters that exists, though owning itself the whole railway system of the 
country, is contriving canal schemes on a most extensive scale, to promote cheap 
transport of bulky produce. 
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At present in the dry season most klongs are either entirely impassible or 
are navigable by small or half loaded boats only for a couple of hours per day 
during high tide. 

In case of perennial supply the existing canals would of course have to be 
improved by excavating them to the required depth and providing them with locks, 
in order to be- able to maintain a regular high level and to prevent the fresh water 
from running- out and the salt water from coming in the canals ; then navigation 
would have no trouble and loss of time by waiting for high tide and. sticking 
in the mud would be avoided, the boats being able to go on, on every hour of the 
day the whole year over with full load. 

The aid of the tidal currents in the klongs, the boatmen will however lose in 
moving their boats; but compared with the profits in other directions, this is certainly 
a small loss ; the more so, when tow-paths are constructed along tlie klongs, wliich 
can be considered as a matter of course. 

The absence of the tidal current at least causes no complaints in the case 
of the klong Rangsit, whicli klong is closed by locks, and there is surely no reason to 
suppose that the traffic in that canal suffers from the absence of the tidal current. 

Besides the klongs, many parts of the higher reaches of the gi'eat .Menani 
and of the other main rivers also are very shallow in the dry season and produce 
great difficulty to navigation. 

These troubles will be prevented by using, for navigation, the principal 
supply canals, that will run more or less parallel to the rivers. 

Further an adequate iri'igation and drainage system will indispensably 
require a enormons extention of the whole cailal system, which in a country like Lower 
Siam of course will be made fit for boat traffic and so will tend to the advantao-e 
of general communication. 

That the furtherance of water communication, obtained by brino-ino- about 
irrigation and drainage works, will be of high importance to the country, will appear 
from the following considerations. 

The rice export from Bangkok in 1901 was 11,466,000 piculs and the export 
of paddy 41,000 piculs, equivalent to about -28,000 piculs rice (i pic paddv='-/ 
pic. rice) so that the total equivalent in rice is 11,494.000 piculs. 

The quantity of rice transported by the Royal Railway to Bangkok during the 
Siamese year 120 (1st April I90l-31st March 1902) amounted to 48 metric tons and 
of paddy 31,850 tons, equivalent to 21,200 tons of rice, so that the total equivalent in 
rice transported by rail is 351,000 piculs (of 133V3 lbs av.) or about 30/0 of the total 
rice export. 
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The rest of the rice and paddy exported, viz: 970'o, must therefore be 
conveyed to Bangkok by water. 

The value of the export trade of Bangkok, exclusive of rice and paddy, in 
1901 amounted to % 9,171,040 and the value of imports to $ 29,115,358. 

The total of the exports, excluding rice and paddy, and of the imports was thus 

« 

about 38 million dollars. Estimated at an average value of $ 200 a ton, this would 
make a quantity of 190,000 tons of goods. 

The total of the traffic to Bangkok by the Royal Railway in the year 120 
of all the kinds of goods mentioned in the exports returns, excluding rice and paddy, 
amounts to about 8,200 tons and the total of the traffic from Bangkok of all the kinds 
of goods mentioned in the import returns is about 4,000 tons. * 

The total of both amounts to about 12.200 tons, wMeh includes all traffic from 
and to BangJcok for interior trade in the lands of goods concerned. This total makes 
about 6V2 °'o of the estimated total quantity of 190.000 tons of export goods, excluding 
rice and paddy, and import goods together, so that at least 98i'2 % of the traffic in 
export goods, ( excluding rice and paddy ), and in import goods, is effected by water. 

The great importance of inland water traffic for Siam, as compared with a 
successful ■ enterprise as the Royal Railway (net earnings 3% of the outlay) is 
obvious from the figures mentioned,; but over and above their value for the export 
and the import trade, the waterways in Lower Siam are nearly the only roads for 
the small local traffic and for general communication, with regard to persons as well 
as to goods. 



* Abstract from the Traffic Report of the Siamese Royal Railway for the year 120. 



Goods despatched from Bangkok station || Goods received at Bangkok station and 
" "^ i_ J- appearing under export headings, rice and 

and appearing under import headings. ^^^^^ excluded. 



Cement 

Cloth 

Coals 

Earthenware 

Gunpowder 

Household-goods 

Matches 

Oil ... " ■■■ 

Piece goods ... 

Steel and Iron 

Sugar 

Sundries, provisions 

Tobacco 



Total in tons. 



m. tons. 

30 

51t 

5 

304 

7 

33 

240 

138 

1,117 

761 

45 

708 

69 



3,971 



Gum 

Hides and horns 

Poles, timber 

Planks 

Piece goods 

Resin 

Sundries 

Wax 

Bullocks 



m. tons. 

45 

904 

3,809 

35 

235 

191 

19 

5 

2,920 



Total in tons. 



8,163 
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The following returns of observations regarding the boat traffic in some 
klongs, in April last year^ undertaken by the Ministry of Agriculture arerery 
interesting. 

In klong Tamnern Seduark were counted in five day 3168 boats passing. of 
all kinds; in klong Prawet -2291 boats in five days ;- in, klong San Sep 5302 boats 
in five days, of which 3595 were small ; in klong Rangsit 2978 boats in five days 
of which 2438 of small size ; and in klong Pa Si Cherern 9851 boats in seven days, 
of which 7830 were small. 

A traffic of 1406 boats per day, of which 1119 of small and 286 of big 
size, as stated in the klong Pa Si Cherern, is most marvellous, being a frequenta- 
tion of 200 boats per day, already an extraordinary number for the most frequented 
canals and rivers in Europe. 

As an example of one of the most frequented waterways of Europe may be 
stated here, that during' the year 1898 in both directions together '58,546 boats 
passed the Rhine at.the. German-Dutch frontier, i. e.onan average 160 per 'day 
which, however, are of much greater size then the Siamese big boats. The usual big 
boats in Lower Siam are about 15. M. long, 4V2 M. ,wide and have about 1V4 M. 
draught, whilst the very biggest are about 20 M. long, 5V2 M. wide and have 
a draught of about 1V4 M. 

Now the principal means of communication, be it landroads, waterways or 
railways, require, it needs scarcely be said, the constant attention and interest of 
every Government, as being most valuable agents for the industry of the nation. 

Extension, improvenient and upkeep of the canal system is inseperably 
connected with any adequate irrigation and drainage system. In a flat, country like 
Lower Siam where waterways form already the general means of communication, 
the irrigation and drainage canals as a matter of course will be arranged as navigation 
canals and therefore produce a great advantage in respect to communication. 



Construction lO- The last advantage of adequate irrigation and drainage, which I will refer 
or Koaas. ^^ jg connected with landroads. 



Roads are rare in Siam, but in those parts where suitable waterways exist, 
they are of course not so much needed, since transport by water, as, already mentioned, 
is much less expensive than by any other means of transport and therefore bulky 
goods, where possible, always will be carried by water. 

In conveyance of persons by water the Siamese moreover have such an 
amount of skill and practice, and boats as mea,ns of conveyance are s,o, inexpensive 
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compared with vehicles and draught animals, that appai'ently in Lower Siam no 
•frequent road traffic can ever be expected in regioiwwhere suitable waterways exist. 
However for vicinal comniunication in towns and villages, for places distant 
fi'om canals and for administrative and policing purposes, a system of roads will, 
even in regions crossed by waterways, be of great utility. 

Under the present conditions, building as well as maintaining of roads 
would be excessively expensive in all those regions, which are flooded to a 
considerable depth, even when only for some days, because, if I'oads are to be always 
practicable and not continually damaged, land if not so they would lose a great deal 
of their utility in ordinary circumstances), they ought never to be submerged, 
therefore under present conditions in Lower Siam roads must be made on high 
enbankments, which are very expensive and moreover very liable to damage. 

When this is neglected an annual flooding even for a period of a few days 
would spoil entirely the roads and make the upkeep almost impossible. 

When however, in consequence of adequate irrigation and drainage works, 
supply and drainage of water can be direet?-d at will for every part of land, then 
the submerging of roads can be prevented and the difficulties will vanish, by 
which, at present, construction and upkeep of roads is impeded in the regions 
concerned. 

Moreover the embankments, formed by excavating the new principal irrigation 
and drainage canals, will at once constitute suitable roads ; whilst the embankments 
of the minor canals and those formed by digging out the existing klongs, at least 
will be suitable for towing and pedestrian paths, which by gradual enlargements 
can furnish the base of a system of trunk and minor roads. 



Many other favourable consequences of irrigation could still be taken into 
consideration, for instance : in respect to facilities of fish rearing, by water being 
at hand throughout the year all over the country ; with regard to increase of rainfall 
by augmentation of the evaporation in the regions concerned; relating to the destruction 
of many vermin and of fieldmice, which cannot thrive on well- watered grounds ; 
concerning provision of fresh water for industrial purposes, when the rivers are salt 
etc; but by what has been mentioned above about the advantages of an adequate 
irrigation and drainage system, with regard to security, quality and quantity of the 
rice crop, to fertilizing the fields by carrying on silt, to dry season crops of other 
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plantations than rice, to garden cultivation, to provision of fresh drinking water for 
the whole Lower Menam Valley and scouring water for the drains of the capital, 
to improvement of inland navigation, to facilitating the construction of roads, and 
last but not least, to the possibility of extension of the area cultivated by the same 
population and the opening up of new land, the second question, set forth in the 
introduction of this Report, viz : — Will irrigation and drainage be of utility for Lower 
Siam 1 can certainly be considered as answered in the affirmative. 

The produce of the soil would doubtless highly increase in quality, quantity 
and value and in consequence the value of landed property in the regions concerned 
will also increase very much, and therewith the wealth of the country. 

The sanitary condition and domestic accomodation of the people also would 
be improved very much and so life would be made more comfortable. 



III. 



URGENCY OF IMPROVEMENTS. 



The third question to be treated is : Are improvements of the hind effected 
hy irrigation and drainage required in respect to the present economical conditions of 
Siam ? 

I will endeavour to answer this question from a practical point of view. 



Lower Siam is not a famine stricken country. Up to the present the 
cultivators have always been able to stand even a couple of bad years, without 
being reduced to misery. 

But certainly nobody will advocate a delay in bringing about economical 
improvements untill the country has become famine stricken. 

What does however occur annually all over the lower provinces is a famine 
of drinking water. To provide for this most stringent want is certainly the first 
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measure to be undertaken on behalf of the people. 

This urgency however does not touch in the first place the economical side 
of the matter, which will be considered now. 



Economical Siam is a country in course of progress, in some respects of rapid 

progress ^ 

required-: 

Progress means, from a practical point of view, invariably increase of 

wants. 

The wants of the Government are increasing, owing to reorganisation and 
extension of existing services, to establishment of new services, to extention of 
the efforts of the Government into matters already taken in hand and into new 
directions for the benefit of the people and the security of the State and so on. 

The wants of the people are increasing, owing to more expensive habits and 
to the acquirement of new necessities and luxurios.^ 

Closer contact with foreign trade has crushed out existing industries, which 
have disappeared before the competition of foreign manufactures, as for instance, 
Siamese sugar manufacture. Native cloth and metal manufactures will have had the 
same retrograde course as elsewhere in non-manufactuiing countries. 

The increase of imports in, quantity, variety and value (from I 10,872,016 
in 1888 to S 29,520,730 in 1901, ( not taking into account the fall of silver currency), 
shows all this evidently enough. 

Progress, increase of wants and of imports is not possible, in course of time, 
without increase of production and of export. The amount of export must always 
exceed the imports, at least in a country like Siam which cannot pay a part of her 
imports by rents due by foreign nations or money earned in foreign countries, but 
on the contrary has to meet liabilities abroad. 

Now the Siamese have got on fairly well up to the present, the export having 
increased in a similar proportion to the imports and there is a proper balance 
(on an average $ 8V5 million in 1897/1901) in favour of Siam, more than sufficient 
to meet all kinds of financial liabilities abroad. Some increase of capital is apparent 
from the foreign trade returns. 

The economical conditions, up to the present, are therefore from this point of 

view, certainly very satisfactory. 

But Siam cannot remain stationary. It must go ahead under pain of decay, 
and it does so; no prejudices of religion or caste are paralyzing it. 
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Progress is going on rapidly and, in connection herewith, the wants of 
the Government and the people and the imports will coniinue to increase steadily ; 
moreover in consequence of peace and enhanced security of person and property, 
the population will increase more rapidly also. 

Rapid increase of production and of export, to meet the increase of wants, 
is therefore incontestably necessary for Siara. 

P'^or the present, there appear to be no possibilities other than agricultural, 
for the increase of production. 

Jungle and forest produce is more on the way to become worked out than to 
increase. 

The climatic and the present hydrographical conditions of the country prevent 
cultivation on large scale of other crops than rice. 

Rice, however, is the most profitable cerial crop, which may be inferred from 
the fact that where in Italy, Egypt, the United States, etc. rice growing has become 
possible by artificial watersupply, the cultivators leave the cultivation of other cerials 
and take to rice growing. 

To what extent the extension of arable lands will be able to provide for the 
increase of production, necessary for the progress and economical development of the 
country, it is difficult to ascertain. 

The complaints with regard to the deterioration of Siamese rice, however, 
do not indicate that the extension of cultivated lands will provide a remedy in the 
future. The fact that the quality of rice grows worse, certainly indicates that the lands 
at present still available for extension, are in bad condition with i-egard to cultivation, 
so that it may be fairly considered that the time has now come to plan other means 
for the increase and improvement of the produce of the country. 

From the experience in the klong Rangsit regions, the same conclusion 
must be inferred. 

The rapidity with which the extensive regions, opened up by the Rangsit 
system have been populated and brought under cultivation shows most clearly that 
properly arable lands are wanted, and people prefer buying these better flooded and 
more aceessable lands, to taking up waste Govei'nment land ; though in the Rano-sit 
province they have to pay for the land rather high to the first owners ( 20 to 50 ticals 
a rai, as I was informed) whilst they can take up the waste Government land 
quite cost free, and when brought under cultivation, can become owners of it by 
paying merely the fee for the title deed ( Vi tic. per rai ). 

This fact proves that the great abundance of waste land under present 
conditions is almost valueless for the people, so that extension of cultivated area and 
increase of produce in that way,is limited not by lack of land, but by the unfavourable 
conditions of the land still available, which practically leads to the same conclusion. 
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If Siam does not, in due time, take precautions with regard to the develop- 
ment of its productive forces, the country may easily be soon placed in a difficult 
economical situation, similar to other countries which have neglected to take due 
measures in due time. 

Should Siam on the contrary, take up the matter, it may by able to conduct 
the national productive forces to prosperity with results similar to those, which 
have been obtained in Germany and Japan. 

Siam possesses resources of inestimable value in her incontestably very 
iertile soil, that will enable her to meet her future wants ; but these resources must 
be developed. 

The soil, though fertile, by its clayey character is very sensible to want 
of water, whilst the rainfall is scanty for rice growing, so that artificial supply of 
water is indispensable for good results. 

As was explained, adequate irrigation and drainage will tend greatly to 
the increase of the production, but more than any explanation, a local example will 
convince and this example has been given by the klong Rangsit works. 

The success, in many respects, of these works, which are a watersupply 
scheme of a very primitive character, namely inuridation canals after the Siamese 
fashion, improved by a pair of locks to retain the water, has greatly contributed to 
the increase of the rice export of Siam in latter years." 

By the effect of these ,w-orks about ^/4 of a million of rais of paddy land 
have come under cultivation and yield an average crup of about 3V2 millions of 
piculs of paddy a year. 

The' loss of land and produce by the continuous encroachment of tha 
inundations by salt water is outweighed a great many times by these results, and 
the people driven froni their lands by the salt water, among others, have found a 
■prosperous livelihood in the Rangsit district. 

The real importance of these results appears in due light, when compared 
for instance, with tlie probable economical results of such an important and succes- 
full enterprise as the Siamese Royal Railway. 

The traffic of the railway amounted in the year 120 to 61.769 metr. 
tons nr 1,018,000 piculs (of 13.31 3 lbs av. ) of goods, among which 31.909 tons or 
526,000 piculs of paddy and 122 tons or 2,000 piculs of rice. 

The rice and paddy traffic of the railway represents the crop of about 100,000 
rais of paddy-land, i e. about V7 of the extent opened up by the klong Rangsit works. 
In this matter must be taken into consideration that transporting goods is not at all 
the same as producing goods, and that only a part, and most likely no more than 
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a small part, of the goods transported have been produced in consequence of the 
railway having made the transport possible. 

When a very primitive and incomplete scheme as the klong Rangsit works 
can show such results (the considerable loss of crop, suffered this year in the 
klong Rangsit territory- by the water falling too soon, proves clearly the primitive 
character of the works as a means of watersupply ) the success of a more adequate 
system can scarcely be liable to any doubt. 

The consequences of an adequate irrigation and- drainage system with 
regard to increase of quantity and improvement of quality of the principal crop, 
to fertilizing the fields by silt, to increase of garden cultivation and cultivation of dry 
season crops, to the possibility of extension of the cultivated area and opening up 
new land by the same population, to improvement of the sanitary canditions of 
men and live stock and to furthering of interior communication, undoubtedly will 
cause a great, and for many decades, a continually increasing augmentation of the 
national produce. 



Reoenuc If the Government is to carry out irrigation and drainage schemes and 

assume the management and upkeep of them, next to the economical results, the 
question of revenue returns connected with the works, to counterbalance the 
expenses, is of great importance. 

These returns consist of indireet and direct benefits. 

The indirect returns come from the general increase of all kinds of 
Government revenue, in consequence of augmentation of produce and national 
wealth. 

As the rice crop is the predominant resource of the national wealth of 
Siam, it can be considered as a matter of course that the Government revenue in 
general is most nearly connected with the results of the rice crop, so that no 
elaborate explanation will be needed on this point. 

In Siam the increase of export duty and fees on rice (about tic. 3 per ton) 
and paddy would be rather a direct, than an indirect return and moreover an 
important one, as the bulk of the the increase of crop in all probability would be 
exported. 

For the import duties and most other headings of revenue the connection 
with the result of the rice crop is also most obvious. * 



See next page. 
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The direct revenue from irrigation and drainage works would consist of 
water-taxes, water-rates, tolls and lock fees and sale or rent of land. 

A water tax could be levied, in a manner similar to the paddy land tax, 
over the whole area at present cultivated and the future extension of this area, as far 
as the fields are benefited by the- system. This seems to be the most suitable 
way of raising revenue from the paddy cultivation. 

In a rice growing country, like the plains of Lower Siam, where rainfall is 
insufficient for the crop and of short duration, whilst the farmers want a long 
period for their agricultural operations in connection with the extensive lots of land 
they generally work, the question whether the cultivators will make use of the 
irrigation water, if supplied, apparently without any reserve may be answered in 
the affirmative. One must have seen the culitvators toiling for water by pumping 
and scooping, all over the country, to know how badly a regular supply is wanted. 

Water rates could in general be assessed in some proportion to the quantity 
of water utilized, and would most probably be a suitable taxation for dry season 
crops and garden cultivation. 

Tolls and lock fees will make a fair return for the improvements in behalf 
of the inland navigation on the canals to be constructed and to be improved and 
are likely to procure a very important amount of revenue, considering the figures 
about boat traffic in the klongs, mentioned, on p. 58 which show how extremely 
ferquented the existing klongs are. 

Obviating loss of revenue in consequence of failure of crop will also represent 
a financial result, as may easily be concluded from the fact that the paddy landtax 
is assessed on the ai-ea producing crop, except in the circle of Krung Kao where 
the assessment is based on the area under cultivation. 

Another financial result will be, that the cost of the future town water 
works for Bangkok will be reduced at least with half the amount, and also the 



* The relations between the imports and the value of the export of rice appears most 
clearly from the following abstract of the Bangkok trade returns. 





Export. 


Import. 


Balance 


Rice Export 


Value Rice 










Export. 


in English 


Export. 


Remarks. 




$ 


$ 


$ 


tons. 


$ 




1897 


30-585-982 


24-584-042 


6-001-940 


(1) 557-700 


23-426-193 


(1) According to the returns 
of the Custom house the 


1898 


34-613-875 


27-090-162 


7-523-n3 


519-200 


27-581-.544 


average price of rice in 
1887 was about $ 2.50 per 


1899 


32-072-988 


25'998-409 


6-074-579 


445-300 


22-834-160 


picul only, against about 
f 3.20 on an average in the 


1900 


31-203-228 


26036-615 


5-166-613 


414-400 


22.481-658 


4 following years. 


1901 


45-322-036 


29-115-358 


16-206-678 


682-300 


36-160-995 
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working expenses will be reduced very considerably, as the pipe conduit and the 
pumping station to convey the water to the capital can be omitted. ( see p. 51 ). 

Sale or rent of land at present waste, which all is property of the State and 
to a great extent will be rendered more accessable and cultivable in consequence 
of the canals to be dug, will also make an important heading of revenue. 

Waste land is abundant in the area concerned, about 40% of the extent 
only being cultivated, and a considerable extension of cultivated land may undoubtedly 
be expected in consequence of the possibity of extension of the area that can be 
cultivated by one person. 

The Rangsit canal Company's financial success shows the possibilities in 
this direction. 

That irrigation works can give a fair return, may for instance be inferred 
from the last Report of the British Indian Public works Department, where it is 
stated that the average direct net return of all the Government irrigation works 
( all expenses for management and upkeep deducted ), have been : 

in the season 1897-98 7 50 °/o of the outlay 
1898-99 6-80 °/o „ 
„ „ 1899-1900 6-92 <>/) „ 

„ „ 1900-1901 7'33 % „ „ 

Irrigation works in Lower Siam would be in more favoui-able conditions 
than the avei'age Avorks in India and may be ranged rather on the same line as 
the works for the ricegrowing deltas of the Godavery and Kistna rivers in Madras 
which pay a not revenue of 12 to 14% on account of watertaxes and rates only. 

(In Java the Government returns of irrigation works are included in the 
landtax and separate accounts are not kept. ) 

Considering these results, irrigation works appear not only necessary from 
an economical point of view to further the produce of the country, but may become 
at the same time also a very profitable Government investment. 

To what proportion the latter will actually be the case, principally depends 
of course upon the regulations concerning the returns to be paid, and is therefore 
controlled by the Government itself. 



As a conclusion, from what is explained above, to the question : Is bringing 
tthout an irrigation scheme required for Siam ? in my opinion, only an affirmative 
answer appears to be possible. 
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IV. 



OUTLINES OF THE PRINCIPAL SCHEME. 



The possibilty, the utility and the urgency of irrigation and drainage schemes 
in general having been discussed, the outlines of the principal scheme for Lower 
Siam will now be traced in a more definite manner 

The principal scheme relates of course to the great Menam, the most powerful 
source of supply, and the Menam plain, the most extensive region to be supplied. 

Moreover, it is only concerning the Menam and the Menam plain that sufficient 

facts and figures are available to trace the outlines of a scheme with any exactness, 

* and besides there are a gi'eat many canals and channels in the Menam plain that 

can be used for the purpose, which will reduce the expenditure on the works and 

the time of construction very considerably. 

/ 
Water supply The rainfall statistics indicate that in the lower plain of the great Menam 

in^the^Looier ^"*^ ^^ *^^^ adjacent flat regions the rainfall is much less than in the Northern, 
l^enam Valley. South-Western and South-Eastern provinces of the Kingdom, (seep. 20). 

This fact is in accordance with the general opinion in the country, founded 
on the unrecorded experience of centuries, as was told me in several localities, and 
can be virtually explained by the natural situation of the plains concerned, quite 
near to the east side of the high hill ranges, between Siam and Lower Burma, that 
retain the south west monsoon rains. In consequence thereof in Pegu and Tenas- 
serim the average rainfall is twice as great as in the lower Menam plain. 

This influence of the hill ranges of course, decreases with the distance and 
seems already to be of much less effect in the Prachim regions. 

The parts of the country that are most in need of water supply are therefore 
the Lower Menam Valley and the adjacent plains of the Meklong and Bangpakong 

rivers. 

Amelioration in these pans would besides be of more direct utility than 

anywhere else in the country, because these plains ( as is the case everywhere with 
the low plains ) are the most densely populated and most cultivated regions of the 
country, a circumstance which is due to the vicinity of the sea and to the facilities 
of communication and cultivation, produced by the big rivers and the flatness 
of the soil. 
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The rivers available for taking off irrigation -water are, as already stated, 
the great Menam and its tributary, the Pasak river, and further the Meklong river 
and the Bangpakong river, with its tributary, the Nakon Nayok river. 

It is fortunate that the most important rivers run just through the parts 
of the country that are most in need of water supply ; in consequence thereof irrigation 
works will become considerably less expensive than if the water had to be obtained 
from distant sources. 



Supply Lotoer The natural situation of the regions concerned points, as a matter of course. 

Menam Vallwu 

to be taben ^° ^^^ ^^^ °^ ^^^ water of the powerful Menam to irrigate the whole Lower 

Ofp the great Menam Valley on both sides of that river, reaching to the Bangpakong river at 
Menam. 

the east side and to the lower part of the Meklong river to the west side. 

To deal with of the great Menam for the offtake of irrigation water requires 
of course great and expensive works, and if the water could be obtained from 
several smaller livers, spread over the countiy, this would facilitate and cheapen the 
execution of the scheme considerably, as small rivers in general are easier to be 
dealt with than big ones, and numei'ous offtakes at several places would only require 
small canals. 

In the lower Menam plain however, no other river, reliable for irrigation 
purposes exists, so that there is no choice where to take the water fi-om and the 
matter has to be faced as it is. 

Although it may be of no advantage, from the point of view of expenditure, 
that only one big liver is available, from a point of view of watersupply a big 
river, like the great Menam, is preferable, as being much more reliable for a 
regular offtake than smaller rivers would be. 

Small rivers firstly have the disadvantage that their catchment areas are 
of little extent so that there is little chance that the freshes from the drainage 
areas of the different tributaries will compensate each other so as to make the 
discharge of the main river fairly regular; and secondly that genei'ally the catchment 
area is too much in the vicinity of the area to be irrigated, so that drought and great 
want of water in the last, as a rule will correspond with a small discharge of the 
river. 

It would be possible to utilise the water of both neighbouring rivers, the 
Meklong and the Bangpakong, and also of the Pasak river on behalf of some parts 
of the lower Menam plain, but both because of the discharge of these rivers, speciallv 
in the dry season, being too' small. and because of their situation and elevation in 
relation to the Menam plain, only a small, most likely not even a fourth part of the 
lower Menam plain could be served by these rivers. 
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Therefore to use these rivers for some parts of the lower Menam plain 
would not dispense from dealing with the great Menam after all. 

Moreover these rivers all are rather powerful and not so close at hand, that 
to utilise them would tend to safe expenditure; most likely the contrary would be 
the case. 

Besides, these rivers all have extensive plains along their own course, which 
for an artificial water supply exclusively depend upon them. 

The only way to water the lower Menam plain so proves to be to take the 
water off the great Menam. 

The water of the Pasak, Meklong, Bangpakong and Nakon Nayok rivers then 
can all be employed for the extensive plains crossed by the higher reaches of each 
of these rivers themselves. 



Weir necessary It being thus ascertained that the supply for the Lower Menam Valley has to 

jacross the great, ,, ,„ ^, ^„ . „ , ,. . , 

Menam ■ inun- ■'^ ^''^'^ Menam, further the question arises how to get command over 

dation canals the water, so as to have it conducted into the canals for distribution over the fields, 
undesirable. 

instead of flowing away to the sea. 

Pumping the water is of course excluded before hand as being too expensive 
for the great quantities required. , 

As an answer to this question it is determined beforehand by the natural 
situation of the country that the least expensive way to get command at all levels 
over the water of the great' Menam on behalf of the Lower Menam Valley, is to 
construct a weir across the river with movable dam. 

This matter will be explained further in detail, because it is connected very 
clossly with the whole scheme. 



Practically there are two ways to get the water of the rivers throughout 
the whole year permanently on the level, required for irrigation in the area under 
command, namely constructing weirs across the rivers, and constructing canals 
which run more or less parallel to the main dii-eetion of the rivers and have a less 
rapid slope than the river, so that as their coui'se proceeds, the waterlevel of the 
canals will grow continuallj^ higher above the waterlevel of the rivers in the same 
tract, and finally will reach above the level of the fields. 

If now, as is the case in Lower Siam, as a rule the fall of the winding 
rivers is about the same as the fall of the ground, then of course it will always 
be possible to construct straight supply canals, which have a less rapid slope than 
the rivers, in such a way that at the end the water surface of the canal will reach 
the level of the fields, even when the water in the river is lowest. 
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Before it reaches this point, the water of the canal does not become available 
for the purpose. 

Prom the place it is taken off from the river to the place where it becomes 
available, the canal has the same effect as a weir across the river would have, by 
the aid of which the water could be dammed up so as to be available in the 
same locality in which the weir is situated. 

Such a canal, in Lower Siam, to get the water at the level required for 
irrigation would be very long and expensive. 

The height of level to be gained on the ground-level by the level of such 
canals is the difference in height between the surface of the fields and the lowest 
level of the river in the reach, that crosses the locality where the water must be 
available. 

This is about 7 M. in the case of the great Menam. 

The average slope of the soil in the upper parts of the Lower Menam Valley 
can be taken as about 1/8000 [0.125 M. in a K. M.] and it would not be advisable 
to give the canals a much less rapid slope than 1/20,000, [0.05 M. in a K. M. ] 
as this most probably would cause ti-ouble by the deposit of silt in the canal. In 
these circumstances a gain of level of 0.075 M. in every K. M. would be obtained, so 
that to gain the total height of 7 M., necessary for perennial supply, would require 
a canalof a length of more than 90 K. iM. 

These canals ( one on each bank of the river ) which would require a capacity 
of discharge of at least 200 M.^ per sec. would of course have to be dug very deep 
(about 10 M. at the head). 

If the depth of water at full discharge in such a canal is 6 M., then a 
surface slope of i/20.000 will produce a current of about 0.80 M. per sec and in 
that case the canal on an average would require an exc'avation of about 300 M.^ 
earth per M. length, which would be, for two canals of 90 K. M, length each, about 
54 million M.^ of earth-work. 

Even at the moderately estimated cost for such deep and wide canals of 

Va ticals per M.^ and without accounting sundry expenses, the amount of money (27 

t 
million ticals) required to dig two canals in order to get the water on a proper 

level, would be many times greater than would be the costs of a weir with movable 
dam across the Menam, which may be estimated at about 6 million ticals. 

Moreover the area commanded by the supply works would become conside- 
rably reduced, in the case such canals were constructed, as- may be concluded at 
cone from the natural features of the Lower Menam Valley. 
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Not only perennial canals, to get the water on the level of the fields, 
would be much more expensive than a weir, but even inundation canals, answering 
to very modest requirements would cost more. 

If for instance inundation canals were constructed, that could not draw off 
sufficient water before the river had risen 3 M. above its low level, the height 
of level to be gained would still be 4 M. and the length of the canals about 55 
K. M., whilst the quantity of earth to be excavated on an average can be estimated 
at more than 200 M.^ per M. length of canal. Thus in this case the costs of the 
earth-work alone for the two canals still would be, at the rate of V2 ticaj per M.', 
about 11 million ticals, that is to say about twice as much as the probable outlay for 
a weir, which would secure perennial supply. 

Inundation canals ■ of the latter kind would of course be very much better 
than no supply at all, and also much better than the present Siamese inundation 
Iclongs, because the available quantity of water would be much greater and the 
period of supply much longer; but nevertheless they would only provide water 
during the season of heavy rains and a short period after and so a great part of 
the advantages connected with perennial irrigation, as for instance the supply of 
drinkingwater in the dry season, would be missed, whilst a weir of course always 
provides for a perennial supply. 

At the international congress of Civil Engineers at Glasgow in 1901 the Director 
General of Irrigation reservoirs in Egypt, Mr. W. Willcocks, reported the average 
value of crop of the fields that get water supply by the Egyptian inundation canals 
to be £ 7V2 and of the fields that have perennial irrigation £ 12V2 per H. A., 
whilst the value of crop of the field without any artificial supply was estimated at 
£ 2V2 per H. A. 

In all probability the differences will have a similar proportion in Siam and 
will be enhanced by the fact that the great prolongation of the time available for 
cultivation, caused by perennial canals, is particulariy of high value for Siam, in 
connection with the possibility of extension of the area under cultivation. 

In Siam the construction of inundation canals would not therefore be advisable 
( even if they were less expeasive than perennial irrigation, as evidently is not the 
case); even less so in Siam than in Egypt, where millions of pounds have been 
spent to convert inundation canals into perennial irrigation canals. 

From the considerations above mentioned, even non-experts will infer 
that canals parallel to the rivers to get the water at the required level, as well as 
inundation canals, are quite unfit for Lower Siam, if only with regard to the 
expenditure on construction. 
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Besides the financial, there are also, technical disadvantages, connected with 
the said system of canals, since they, are liable to silt up in consequence of- 
slowness of the current, and so for that reason too this system is little desirable. 

It is therefore clear, that the construction of a weir would be the most advan- 
• tageous and least expensive way to get command over the water of the great Alenam. 

A weir across the great Menam would necessarily be constructed with a movable 
dam, for if the power to dam cannot be diminished and removed at the time of 
high water, the river would have to be heavily embanked for an enormous distance 
above the weir, in order to prevent overflowing of the banks to such a depth as 
to spoil greatly the works to be constructed and to cause the greatest damage by 
making extensive regions quite uninhabitable and uncultivable for many decates 
(until the banks have been raised sufficiently, in consequence of the overflowing) 
even for the people and paddy of Siam, so well accustomed to floods. 

The construction of high embankments of the kind j'equired would be very 
expensive, amounting probably to about 3 millions ticals, whilst it will make no 
great difference in the cost whether the future weir is constructed as a movable 
dam or not. 

What has been explained above with respect to the great Menam, is in 
principle also the case with the otlier available rivers mentioned, which, as already 
stated, have a similar regime and are proportionally in similar conditions with 
regard to elevation and slope of the soil. 



Site 0^ the The site of the offtake and headsluices is a question of predominant 

If ®^^ ^". influence on the whole system, so that this question has to be examined before the 

scheme can obtain any definite shape. 

In the case of the great Menam the place wliere the required offtake 
should be situated is easily decided by the consideration that a weir is necessary 
and by the natural features of the country. 

The lower Menam plain is divided by the great river into two not very 
unequal parts, which are each of them to be irrigated by a separate canal system. 
It would of course be possible to combine both principal canals into a single one ■ 
this however would not decrease the total of the excavation, and the expenditure 
on that account, and it would, on the contrary, increase the costs of the works 
very much by requiring aqueducts across the river, very expensive and moreover 
to some extent obstructive to river navagation. 

Again the_ two canals thus required for the Lower Menam Valley could be 
derived each from one of the two principal branches of the Menam, the Nam 
Ping and theNamPo, which flow together at Paknanipo ; but against a scheme of 
this kind, there are most serious objections. 
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The proportion in which each of the two brandies contributes to the 
discharge of the main river is not sufficiently Icnown,; to be sufficiently certain 
about the regularity of the supply for each of the cailals. Especially the Nan 
Ping, which has somewhat the character of a torrent and shows sudden rises and 
falls (5f some feet in a few hours, seems less reliable, the more as the right bank 
part of the Lower Menam Viiilley is more extensive t,han the left banlc part. 

The regularity of the main river, however, can tolerably well be relied upon ; 
but if this equally was the case with both tributaries and their discharges were 
in the p.roportion, required for the respective extent of the areas on each bank of 
the main river, then it would not yet be advisable to separate the supply, even if 
it would tend to save expenditure, because the chance of irregularity of supply 
would be enhanced, as in case of separate supply each system is liable to 
the full alternation of discharge of each tributary, whilst the alternation of both 
brandies are likely to largely compensate each other with regard to the discharge 
of the main river, so that the conabined supply will secure considerably more 
regularity of supply in both canals. 

Apart from this, moi'eover the construction of two weirs, one for each 
powerful tributary, would in tlie present case in all probability be considerably 
more expensive than to, make only one weir in the main river, construction of 
weirs being the most advisable way to get command over the water, as well for 
both tributaries as for the main river. 

In the case of the Nam Ping the slope of the soil is certainly considerably 
more ra,pid than in the case of the main river and the eastern branches, and in 
that case comparatively it would not be so difficult and expensive to make a canal 
to get the water at the required levd as in other cases ; but notwithstanding that, 
there is no doubt that even in that favourable case, such a canal would cost much 
more than a weir, the more as the canal would run across the drainage line of 
the valley of the Nam Ping. 

From what is explained wir,h regard to the matter, it is to be inferred that 
an adeqnate irrigation system. of the lower Menam plain will require the construction 
of a weir with movable dam in the mam ri«e/-, below the confluence of the principal 
tributaries at Paknampo. 

The further upstream a future offtake and weir for irrigation purposes is 
situated, the greater in general will be the extent of the irrigable area under com- 
mand, but also the longer will be the principal canals; and one of the first points, 
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when fixing the place where an offtake is to be made, is therefore to consider in 
how far the increase of expenditure caused by the increase of length of the main 
canals, is counter-balanced be a sufficient increase of area under command. 

Thus taking into consideration the relation between the letigthening of the 
main canal and the increase of area under command, Chainat is assigned as the 
place, in the vicinity whereof the weir should be constructed. 

Prom Paknampo down to Chainat the left bank of the great Menam is. 
flanked by ranges of low hills and high ground ; and on the right bank also, though 
at a greater distance, there are several hills, partly dispersed, partly in ranges, 
whilst moreover on the right bank the soil has a rather rapid slope to the river. 
This must be inferred from the main direction of the right bank tributaries of that 
reach of the great Menam, which at some distance from the river becomes nearly 
quite west-east, a circumstance which indicates that the west-east slope of the 
ground in these parts is so considerable, in comparison with the general north-south 
slope, that the main direction of the drainage is not virtually affected by the latter. 

'J'he additional strips of land which would be brought under command if 
the weir were constructed at a place further upstream than at Chainat, would be 
narrow on both banks in consequence of the hills mentioned and the more rapid 
slope of the soil in west-east direction. Both strips together would at best have 
a breadth of about 10 K. M., so that it is moQt cei'tain that this increase would not 
compensate for the expenditure on lengthening the big main canals. To compensate 
for this expenditure a breadth of 30 K. M. of land is at least required. 

On the other hand it will be possible to combine iriigation of these narrow 
strips of land along the main river with future, less extensive schemes of providing 
the plain above Paknampo with water supply from the two principal tiibutaries. 

In this manner the supply for these strips of land can be acquired at 
much smaller cost, because then the canals to be lengthened will not be the bio- 
canals for the whole Lower Menam Valley, but serve only for the narrow tracts 
concerned, for which purpose small dimensions will be sufficient. 

As the population of these regions is thin and people are all living near 
the river, there is no special or immediate ui'gency for watersupply in these 
parts. 

For a relatively small offtake in behalf of the plain above Paknampo, the 
regularity of the discharge of the tributaries certainly will prove to be sufficient • 
but to what extent water will be available for that purpose, of course, must be 
investigated and determined by regular observation about the discharo-e. 
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Below Chainat the hills cease and the broad flat plain stretches far out on 
both sides of the liver, so that the area under command of irrigation canals here • 
at once becomes very extensive. 

To continue the outlines of the scheme for the Lower Menam Valley, it must 
fii'stly be observed that the vicinity of Chainat as a site to construct the weir, has 
still some other advantages, besides its situation at the place where the hills cease, 
and the flat plain begins to be very extensive on both sides of the river. 

Just below Chainat is the mouth of the Menam Nawi (or Menam Noi) probably 
an old local natural drainage channel, that has been connected by an inundation 
canal with the great Menam and is thus grown into a river arm, running on a ridge. 

This Menam Nawi runs down to Angtong, and by the intermediary of the 
klong Poh Tjam Sui, provides the region of the klong Pekaitalan with water during 
flood time; which can however be done with nearly the same effect by another 
river arm, that branches off the great Menam below Angtong. 

Besides, at the time of the very highest flood, a consideradle tract of land 
along its course is inundated during some days by the Menam Nawi. At its 
mouth however the bottom of the Menam Nawi is about 3 M. higher than the 
lowest level of the great Menam, and consequently as soon as the great Menam 
subsides the discharge of the Menam Nawi decreases very rapidly and the flooding 
ceases. Moreover the offtake of the Menam Nawi is obstructed considerably by a 
sandbank, its mouth being very unsuitably located on the convex bank of a 
winding of the great Menam. According to local information, the Menam 
Nawi must have been somewhat decreasing in depth and width during latter 
years. 

Under present condition, therefore the Menam Nawi is of little and decreasing 
value. 

Nevertheless the channel of the Menam Nawi, with some not very expensive 
improvements, will provide a very adequate main canal for a perennial irrigation 
system, with a capacity of discharge of about 250 M.' per second and situated on 
a ridge of about the same height as the banks of the great Menam. 

The downstream end of the Menam Nawi is connected, by the klong Poh 
Tjam Sui, with the comparatively small right bank Menam branch, named the 
Menam Seekook. This river branch, which for the greatest part appears to be an 
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artificial one, with some improvements, over a distance of about ;30 K. M., also will 
be usable as a main canal in a perennial iriigation scheme. 

The Menam Nawi, combined with the klong Poh Tjani Sui and Menam 
Seekook, in connection with a perennial irrigation system, represents a value of at 
east about 10 million ticals. 

To make use for irrigation of the Menam Nawi and other arms of the great 
Menam, it must be observed, will not tend to diminish the maximum discharge 
capacity of the river and to ovei'charge the main channel, because the regular 
offtake for irrigation purposes will be about equal to or greater than the maximum 
discharge of the branch channels under present conditions. 

Besides overcharging of the main channel to some extent in the present 
conditions of drainage and supply, would cause little anxiety. Most likely people 
would even face the fact with satisfaction. 

To prevent undesired overflow of the rivers is further a matter connected 
with drainage, and will be considered together therewith. 

As the mouth of the Menam Nawi i?i near Chainat, in this respect, this place 
is very favourable as the situation of a weir and offtake, because here it would be 
very easy to connect the head-works with the Menam Nawi channel by a short cut. 

A. situation further downstream would entail the excavation of a canal of 
considerable length from the great Menam to the Menam Nawi and would thus 
be more expensive with rfegard to the right bank works. 

On the left bank there are no suitable existing channels, that can be of 
influence with regai'd to the place of the weir ; but the flat plain at the left bank is 
rather broad and sloping eastward, and so it seems that, even without regard to the 
advantages connected with Chainat as site of the head-works in respect to the 
right bank, on the left bank the increase of area will be sufficient to counterbalance 
by itself the lengthening of the future left bank main canal. 

The situation at Chainat would further procure the advantage that the 
neighbouring quurtzite hills could be used as quarries to provide stone for the 
weir. The river itself cariies good quai'tz sand and small gravel. 

Prom the vicinity of considerable hills, moreover, it may in all probiibilitv 
be concluded thiit a solid foundation ground will be obtainable, the more as at 
some places in the vicinity solid rock crops out at the bottom of the river. 

A weir in the vicinity of Chainat would at the same time, and better than 
one at a place lower downstream, secure -the pei'ennial supply of the klono- 
Makamtau by which the Supan river takes off water from the great Menam. 

The Supan river is either a decayed natural discharge branch of the great 
Menam or a; local drainage channeLof, small .importance,, that in ■ an accidental or 
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artificial way has been connected wiili the main channel and so has grown into 
a big watercourse, a present however with very little water, as the drainage area is 
small and the connection with the Menam is in decay. 

Under present conditions the Supan offtake is woi'king only during the time 
of very high level ; but the channel has a capacity of about 200 M.^ per sec and 
is large enough to be suitable as a main canal for irrigation purposes, at least 
over the first 100 K. M. of its course, where it runs on a considerable ridge. The 
lower parts of the Supan liver are less suitable for irrigation purposes, and also not 
available, as they are required for di-ainage purposes. 

Tlie highest part of the klong Makamtau is rather small and has an 
unsuitable direction. However, by making a cut of about 1 K. M. length 
from the great Menam to the klong Makamtau in the vicinity of the village Bang 
Hata Sao, the offtake will be brought about 5 K. M. nearer to Chainat and at a most 
suitable place on the concave bank of a winding of the main river, where the 
danger of a sand bank rising in front of the headsluice is not at all to be feared. 

The channel of the klong will, by this cut, be shortened by about 10 K. M. 

According to what has been explained with regard to the matter, it will 
be obvious that a weir, to be constructed across the great Menam in the vicinity 
of Chainat, must be considered as the base of the whole irrigation scheme for the 
Lower Menam Valley. 

HeadUJOrks. The weir itself must be provided with a movable dam to prevent the necessity 

of making high embankments of an enormous length along the river. 

The dam will consist' of numerous piers and openings, the total length of 
the weir being about 200 M. The openings have to be opened or shut according 
to the rise and fall of the level of the river above the dam. Further details 
will be omitted here ; it need only be mentioned that numerous constructions of that 
kind exist and operate successfully. 

The ordinary waterlevel above the weir will be about equal to the height 
of the banks (i e. about 24 M. above the ebblevel of the sea) in order to be able 
to irrigate not only all the fields in the immediate vicinity of the dam, but to 
benefit also a considerable extent of land along the river-reach above the weir, 
lying a little behind and lower than the highest part of the banks. 

Durinc the greatest part of the year the weir will have a considerable head 

• ^ ( difference bleen the level above and below the dam ) with a maximum of about 

7 M In porportion to the head at the dam growing higher the cuzxent in the 
-iver reach above the weir will be-slowerand in consequence thereof, a great part of 
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the sand and coarse silt will be deposited' above the dam, and so prevented from 
entering and obstructing the canals, whilst principally only the fine, light and most 
fertilizing part of the silt will come into the the canals. 

At the time of high' flood however, the head at the weir will become very 
insignificant and rafts and even boats with some precautions will be able to pass the 
dam. During this time the current upstream grows strong enough, as experience 
with similar constructions has proved, to scour away and carry down the river all 
the sand and coarse silt deposited above the dam during the rest of the year. 

The main canals, as well as the offtake for the klong Makamtau, must of 
course be provided with headsluices to regulate the inlet of the water, while to keep 
navigation and rafting open, locks will have to be made, connecting the up and 
down-stream reaches of the river with the canals and with each other. 

The headsluices will be constructed as simple regulating bridges with 
wide openings, situated as near as possible to the dam, and arranged in such a way 
that at high flood time the water is taken off as near to the surface of the river 
as possible, so as to prevent useless and obstructing sand and coarse silt from 
entering into the canals. 

Wide scouring vents, to prevent depositing of sand immediately before the 
headsluices of the canals and the navigation locks, of course are required. 

Fish paths may be taken into consideration, to enable communication for 
fish, ti-avelling for spawning, and also a slide for rafts. 

The reservoir-like part of the river above the weir will make a magnificent 
fish basin and storing place for timber. 

The weir across the great Menam will become a work of great interest 
fj-om a technical point of view and a monument to the efficacy of Siam's 
Government. 



Capacity of The capacity of discharge of the headsluices by which the water is to be 

extent of the ' ^''^^'^ ^^^"^ ^^® ^^^^^ Menam and of the highest parts of the main canals is now 
area. to be examined. 



The capacity of the headworks depends, of course, on the extent of the 
area under paddy cultivation, influenced by the system. 

The limits of the area under command of a weir and offtakes as proposed have 
been determined as precisely as possible by the available elevation-figures, by the direc- 
tion of the river branches, and by local inspection; the results of this investigation 
may be admitted as a fair approximation, and are indicated on the annexed map. 
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The area at present under cultivation, which will be influenced by- the 
main canals and Supan river works referred to, is about the whole extent of the 
cultivated lands of the circles * of Krung Tep, Krung Kao, and Nakon Chaisi, and 
further of the provinces Chainat, Petrew and Meklong ( Samut Sang Kram ). 

According to the assessment of the paddy landtai for the year 120 ( 1901- 
1902 )■ the extent of the paddy fields under cultivation is in : 

the circle Krung Tep 983,210 rais. ** 
„ „ Ki'ung Kao 2,360,000 „ 
„ „ Nakon Chaisi 557,328 „ 
„ province Chainat 107,2^5 „ 

„ „ Petrew 415,180 „ 

„ „ Meklong 14,458 „ 

Total 4,437,456 rais. 

These figures may be considered as tolerably exact, 3.380.450 rais of the 
extent being already cadastrally surveyed previons to the year 120, as is stated in 
the annual Report of the Royal Survey Department for the year 119. 

As a total of the area under paddy cultivation in the region under command 
of the future works, 4.437.456 rais however will be far from being quite exact. 

In the first place it must be observed that some parts of the circle of Krung 
Kao and of the province of Chainat lie outside of the area under command ; 
of these regions however only a very small part is under cultivation. On the contrary 
some parts, other than the Meklong and Petrew provinces, of the circles Ratburi 
and Prachini are lying within the area under command ; these part are not taken 
into account, as a compensation for the regions referred to outside of the area. 

I was not in the position to exaniine in how far these circumstances counter- 
balance each other with any exactness, as the limits of the area under command 
could but very roughly be determined, and moreover these parts lie outside of the 
sphere where the cadastral survey has worked, up to the present. In all probability 
however the total extent of the cultivated area under command will be some- 
what greater that the stated figures, but not so much as to be of considerable 
influence on the general calculations founded on the figures as they are. 

The total surface of the area concerned is about 1,870,000 H. A. or li million 
rais so that about 400/0 of the total surface appears to be under rice cultivation. 



* A circle { monthon ) is under a High Commissioner and contains several provinces 
( muang ), under Governors. 



** A Siamese rai = a square sen= 1,600 M.' 
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The total of the cultivated, area of paddy fields for the whole of Siam, 
according to. .the figures of the estimate of the p9.ddy landtax for the whole Kingdom, 
in the year 120 (tics. 2,914,389, includiag tics 590,000 for the circle Krung Kao),. 
is 8,558,371 rais. * 

From these last figures it follows that considerably more than half the 
cultivated area of Siam is situated within the area under command of the proposed 
irrigation system. 

With regard to the total produce the area under command of the canals 
will represent no smaller percentage of the whole of Siam, and with regard to export 
of rice it will represent most likely much more than Vi of the whole of Siam, 
because the extent of land worked by one pei'son is greatest in these regions, as 
was explained, so that here a greater percentage of the crop is not required for 
local use and can be exported. ** 

The quantity of water to be supplied by irrigation is the quantity necessary 
for the rice crop, diminished by the available rainfall. The quantity of water 
required for the crop during the time of vigorous growth, may be estimated at 1.55 L. 
per sec. and per H. A., (equal to 40 c. m. rainfall per month), as was explained on p. 16. 

Prom the rainfall statistics it must be inferred that the ordinary rainfall 
during the months of Auglast, September and October, when nearly the whole rice 
crop is still on the fields and the greatest part is about to require full watersupply, 
may be reckoned at about 8 inches ( equal to 20 c. m. ) a month. ( Average ovei- 
1882/'91 in August 7.06, September 11.38 and October 8.20 inches.) 

Considering Vs of this quantity or 16 c. ni. as really available for the crop, 
(in times of scanty rainfall the losses by flow-off will likely be less), the quantity 
of water to be supplied by irrigation would be equivalent to 40 minus 16 or 24 c m. 
of rainfall per month. 

A monthly rainfall of 24 c. m is equivalent to a watersupply of about 0.9 
L. per sec. and per H. A. 

This supply requires for the area of about 4'/9 million rais or 700,000 H. A. 
at present under cultivation and to be commanded by the system proposed, a 
quantity of water of about 630 AI.^ per sec. 



* The paddy landtax is | tic. per rai actually producing crop, except in the circle 
of Krung Kao, where the tax is ^ tic. per rai under cultivation. 



** According to the investigations of the Royal Railway Department, in ordinary years no 
more than about U.400 M.3, equal to about 120,000 picul, paddy comes from the regions above 
Paknampo. This represents about 1% of the average rice export of Bangkok in ordinary years 
( about '8 million picul rice, equal to about 1-2 million picul paddy ). 
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During the months of the season of the paddy eultivaiion before August, it can 
be reclvoned that a great part of the crop is still very young and does not yet 
require a full supply. * 

This will necessarily always be the case, because labouring, sowing and 
planting of the fields must go on successively, and will take most cultivators at 
least two to three months, in view of the extent of land they generally work. 

Soaking of the fields by artificial supply will for this reason also only be 
required successively, during the period the requirements of the crop are still non- 
existent or small. But soaking of the fields will take large quantities of water. For 
instance, from experiments in the plain of Demak (Java) results that 2.51 
L. per sec and per H. A. during a fortnight is required for that purpose, against 
1.55 L. at the time the paddy is in full coarse of growth. The space of time 
however over which the function is devided is so long in Lower Siam, in 
connection with the time people generally need for labouring the whole of their 
fields, that certainly the ordinary supply will meet the requirements on behalf of 
soaking without difficulty. 

After October a great part -of the early ripening paddy is ali-eady reaped or 
is in such a stage of maturing that it requires little or no water. 

As the supply will bs about the same during the whole season of paddy 
cultivation, the lesser rainfall in the months after October therefore will be compensated 
sufficiently by the lesser wants of the crop. 

In years of very scanty rainfall it would certainly be desirable that the supply 
should be somewhat lai'ger than 24 c. m. per month ; bat still in the driest year recorded 
(1884), the rainfall and this artificial supply together in August ( rainfall 3.57 inches 
=9 c m. ), the driest month of the period of highest requirements (August, September 
and October) would have been equivalent to 9+21=33 cm. of rainfall, i. e. about 
65> more than the present ordinary rainfall in these 3 months (about 20 c. m. ) 
nd still 7% more than the maximum rainfall, recorded in August in the period 



* The supply of irrigation water ia the area of the Demak system ( Java ) is based on 
the following scheme of agricultural requirements. 



Water required for 


Soaking 
2 


Labouring 


Course of growth 


Kipening. 




5 


1 


4 


2 


2 


2 


2 




'Par^nri in weelcs 


2 


L. per H. A. and per sec. 
supplied. 


2.51 


0.31 


1.03 


1.55 


1.24 


0.93 


0.62 


0.31 


0.00 



The duration of the period of full supply is here chiely determined by the quantity of 
water available, and not by the quantity desirable. 
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1882-91 [12.14 mches=31 cm. in August 18-90]. In the months before August 
and after October the mentioned artificial supply alone will always be at least more 
than 50% greater than the average rainfall. 

To arrange the whole system according to the full requirements of the 
most scanty rainfall would lead to considerable extra expenses on enlargements, 
that only in these years of most scanty rainfall would procure their full economical 
effect; but in ordinary years the utility of the extra expenditure would not be 
fully proportional to the utility of the expenditure based on the ordinary requirements. 

It appears therefore most advisable to arrange the scheme according to the 
requirements of ordinary years, in order to have proportionally the greatest results 
of the outlay on the works. 



Extension To anticipate the future increase of the cultivated' area, however, it will be 

, . . advisable to construct the works with regard to a larger capacity of discharge than 

uation. strictly would be required for the present area under cultivation, and to keep in 

view the probability of further increase of capacity. 

The rapidity with which the extensive regions opened up by the klong 
Rangsit system have been populated and brought under cultivation shows clearly 
that suitable land is wanted in Lower Siam, so that a considerable extension of 
cultivated area may be expected in a rather short period. 

A great extension even will already have been realized before the future 
irrigation system can come into operation, in consequence of the completion of the 
klong Rangsit system, which will take a few years only. 

This extension will be about 400,000 rais, as the total area embraced by 
the Rangsit system is 1,500,000 rais, of which about 20% is to be deducted for villages, 
gardens, canals, roads, uncultivable high localities, swamps etc. and more than ^i 
million rais has already been cultivated. . 

"When a few years after the completion of the Rangsit system the whole 
area, as far as cultivable, will be brought into cultivation and no other suitable land 
will be available at the time being, the extension, to be rendered possible by the 
irrigation works, might even be seriously required. 

A part of the population of the klong Rangsit regions has come from those 
tracts, where people have been obliged to abandon their lands in consequence of 
inundation by salt water, encroachment of bad weeds etc. In the future further 
spoiling of land will of course be prevented as much as possible, but migration 
from spoiled tracts has furnished only a small part of the Rangsit population, as 
tlie whole area spoiled during the last decade certainly does not exceed 50,000 rais 
•whilst in the Rangsit province about ^/i million rais have been brought under 
cultivation in the last 6 or .7 years. 



[ 83 ] 

The whole area of spoiled land, it may be observed by the way, will be 
about 300,000 rais, but the process is going on during many decades already. 

The bulk of the Rangsit population comes from most various regions of 
Lower Siara and adjacent provinces and represents an increase of population, not 
required for the tillage in their native localities. The last may certainly be inferred 
from the fact that the paddy landtas as well as the rice export generally are increasing. 

In connection with the above considerations, an extension of 200/0 of the 
area at present under cultivation may certainly be expected within a short period 
after the future iiTigation works can come into operation. This would make not 
much less than ] million rais, of which about 400,000 for the Rangsit district. 

As long as the extension of cultivated area anticipated is not entirely arrived 
at, the supply for the area under cultivation will be somewhat on the right side and 
occasions of very scanty rainfall will more largely be provided for. 

r 

Capacitlj of the Besides the probable extension, also the loss of water in the canals by 

headtDorks ^ ^ , . l, 1 • . . , . , 

f continued 'J evaporation and percolation must be taken into consideration; but on the other hand 

the canals will have a gain by receiving a considerable quantity of drainage water 

from the catchment areas of the existing channels to be utilized. The loss by 

percolation sometimes, in sandy and hilly regions, can be a weighty factor, but will 

not be very great in the flat and clayey soil of Lower Siam. For the same reason, 

on the contrary, the gain on account of drainage however may be more important. 

Moreover; as mentioned, it will scarcely ever occur, even in the three months 
period of gi'eatest wnnt, that the whole area under command requires full watersupply 
at the same moment, because in general one part of the crop will still be too 
ycmng or another part already too far matured to need full supply. 

As neither the losses in the canals by evaporation and percolation can 
actually be ascertained, nor the gain of water from drainage and the lesser want 
in consequence of the entire crop never being at the same time at the same stage 
of full requirements, I venture to consider that they will outweigh each other for 
the greatest part, and therefore provisionally may be neglected. 

Moreover the greatest part of the water supplied artificially will be 
evaporated by the plants and from the sui-face of the fields. This part will exceed 
the local rainfall almost in every month; in consequence the humidity of the air 
will be greatly enhanced and the temperature will be lowered. Consequently the 
local i-ainfall must increase and grow more regular. 

Under these circumstances, any discharge capacity of the works greater 
than strictly required for the present area under cultivation, may be considered as 
entirely available on behalf of extension of the cultivated area. 
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In connection with the, above considerations it seems desirable to take the 
discharge capacity of the main canals at about 20% greater than the quantity of 
630 M.^, above mentioned, and fix it at 750 iVl.^, in order to render possible the 
extension of the area at present under cultivation of about 20%, or neai'ly 
1 million rais, which was referred to. 

From provisional investigations it must be inferred that about 5/12 part of 
the cultivated area is situated on the left and 7/12 parts on the right bank of the 
great Menam. Now, the future increase of cultivated area I consider to occur in about 
the same proportion, so that about 5/12 of the total supply, i. e. about 310 M.^, is 
required for the left bank, and about 440 M.^ for the right bank regions. 

For the left bank the capacity of the headsluice and the highest part of 
the main canal is fixed at once by the required supply of 310 M.^ per sec. 

On the right bank the required quantity is to be carried on, partly by the 
Menam Nawi and partly, as already mentioned, by the klong Makamtau, which klong 
carries the water to the Supan river. 

The highest reaches of the Supan river are situated on a considerable ridge, 
have a sufficient capacity and are tolerably fit for carrying on the watersupply 
req-uiTed for the whole part nf the area to be irrigated at the west side of that 
river, and also for an eastward sloping strip of land along its east bank. 

The region provided for by the Supan river, in this way, will be nearly half 
the total area under command on the right bank of the great Menam. 

According to provisional investigations it seems most advisable to have the 
offtake by the headsluice of the klong Makamtau fixed at about 200 M.^, whilst the 
capacity of the lieadsluice of the right bank main canal, tliat carries the water to 
the Menam Nawi, will be about 240 M.^ per sec. ( in the Supan area the proportion 
of land at present waste is greater than in the Menam Nawi area ). 

The area at present undei' rice cultivation amounts to about 40°/o of the 
entire extent of the whole area concerned and it may easily be expected that the 
area cultivated with lice may, in cour.^e of time, increase to 80% of the whole 
extent, for the area occupied by villages, gardens, waterways and roads, etc. being 
20% already a considerable percentage in a fertile flat region. 

The above proposed capacity of discharge of the head works and main 
canals would allow an extension as large as 20% of the present area under cultiva- 
tion ; to allow the full extension of 100% above mentioned, the total quantity of 
water required would, be about 1,250 M.^ per sec. 
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Now it will be perfectly dear from the previous explalnations, that a 
quantity of 750 M.^ such as was proposed with reojard to the present area under 
paddy cultivation and an extension of about 20%, is always available when 
required ; and in all probability, the available quantity may be satisfactory also 
during a sufficient space of time for the above mentioned extension of the 
cultivated area to the double of the present extent, but the making of any scheme 
on that basis must be deferred till regular discharge determinations during some 
years have put the matter beyond all doubt. 

The estimate however, that a quantity fif 750 M.^ per sec. is available for 

the rice crop, is so strongly on the safe side that it will be in no way necessary to 

postpone schemes on that base, on account of want of regular discharge observations. 

The capacity of 750 M.^ moreover will be quite sufficient to begin with, also 

in connection with extension of the area under cultivation. 

Tt is even very probable that a much greater extension of the ciiltivated area 
than 200/0 will be possible with this supply, as will appear from the following 
considerations. 

In the present condition of drainage of the paddy fields, most likely the 
quantity of water lost by infiltration into the soil, which else easily can be Va of 
the total quantity required, will not be so important as it would be, when a proper 
system of drainage canals existed. 

A proper drainage system however will cause such a great change in the. 
methods of cultivation on a considerable part of the fields, as can only be achieved 
gradually in course of time. 

' As long as this process is still going on, therefore an irrigation system founded 
on the above mentioned capacity, will probably provide a sufficient quantity of water 
to allow extension of the cultivated area on a considerably larger scale than 20«/o of 
the present area under cultivation. 

The extension of arable area moreover, will occur for the greatest part in 
the regions further upstream, for which it would be least difficult and least expensive 
t,o enlarge the capacity of the system, because the water required for extension in 
these tricts will be drawn off from the higher parts of the main canals. 

Moreover it will not be particularly difficult afterward to enlarge the main 
canals entirely or to constrnct a second canal along side the first one, the less if 
this possibility is taken in consideration when the plans are being prepared. 

Two parallel canals would even have a considerable advantage with regard 
to upkeep and management above a single one of double size and would not be 
very much more expensive. 
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The interest saved on postponement of outlay, it enlargement of the capacity 
is postponed till it is necessary, would ceitainly cover more than sufficiently tlie 
eventual extra. expenses. 

By the way it may be observed that outlay on future extension of the 
system in all probability could be more them recovered at once by sale of waste 
land I'endered more accessable and suitable for cultivation in consequence of the 
extension of the system, as all waste land is the property of the State. 

Another matter to be hinted at only is, that the weir and the other .head 
works have to be constructed in order to stand a certain overcharge, which may 
be of- great use on behalf of carrying on the silt to the fields, and to prevent silting 
up of the least rapidly running canals. 



Main Canals. The further outlines of the scheme on behalf of the Lower Menam Valley, 

which will now be discussed, are determined by the natural situation of the plain. 

During the time of full supply the water level in all the canals of the 
system, of coui'se, must be raised above the level of the fields to be irrigated. On 
the main canals this may be 1 to 2 M. or even more, a high level in the main 
canals being able to contiibute considerably to the velocity of the current in the 
distributaries. 

The velocity allowable and obtainable in the main canals and distributaMes 
is of course a matter of detail; but the soil being stiff clay, 1.20 M. per sec. will be 
about the maximun allowable in the main canals ; in the lower parts of the main 
canals and in the distributaries this velocity however, in general will not be obtainable. 

In the dry season, when chiefly only crops will be cultivated which 
have to be moistened but not necessarily to be inundated, the water level in the 
canals may be at equal height or even somewhat below the groundlevel, which will 
tend to diminish the loss by percolation, without causing inconvenience; moreover 
the surface slope in the distiibutaries in that' season can be veiy small. 

In accordance herewith, it is evident that the main canals should be 
constructed so as to have theii' level of full supply, about i to 2 M. above the ground 
level, whilst the dry season level may be about at the same height as the soil. 

The main canals consequently will have their waterway partly in cutting 

partly in embankment, and so the excavated channels will be comparatively small 

and will be flanked by considei'able embankments constructed of the excavated earth. 

' This method 'of- canal construction is at the same time most fitted for the 

purpose and least expensive, the quantity of earth to be removed being comparitively 
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small. The regularity of the slope of the Lower Menam plain will facilitate very 
much the general adoption of this principle of canal construction. 

Where existing channels are to be improved and utilised as main canals, 
the improvement will consist chiefly in making embankments of excavated earth 
along them and in widening and regulating the beds. 

To give an idea of the dimensions of the canals, it may be stated that the 
highest reach of the left bank main canals will require a bottomwidth of about 40 
M. in the case of the velocity of the current being l.io M. per sec and the depth 
of water 6 j\I., at full discharge. Under the same conditions the bottomwidth of 
the highest reach of the Menam Nawi ought to be 31 M. and of the klong Makamtau 
25 M. 

The upper reaches of the left bank main canals will require one or two 
small artificial falls, as the surface slope of the canal will be about 1/12000 and the 
slope of the ground is about 1/8000 ; in the case of the existing channels to be used 
as main canals, the windings in all probability will outweigh the excess of slope 
of the ground over the surface slope of the canals. 

The alignment of the main canals will follow, as already stated, the 
ridges along the great Menam. On the right bank, as was explained, the Menam 
Nawi and the Menam Seekook will serve as a first right bank main canal as far 
as liang Sam Koh ; thus the greatest part of the first right bank main canal 
will require only a small outlay on improving these two existing channels, chiefly by 
making embankments, and on separating them from the great Menam by damming 
up with earthen dams the open connections and building a couple of navigation 
locks, in order to keep open boat traffic. Scouring escapes may be taken into 
consideration with regard to these connections. 

The lower part of the right bank main canals, from Bang Sam Koh to Paklat 
south of I^angkok, about 65 K. M. long, has to be excavated, though for some 
parts it will be possible to utilize existing channels. 

As however the width and depth of the main canals are continually 
decreasing in the downstream direction, because of the taking off of water by the dis- 
tributaries, the lower parts of the canals are the comparatively least inexpensive parts. 

The upper parts of the Supan river will act as a second right bank main 
canal and can obtain its supply, as explained, by the headsluice, the connecting- 
canal and the klong Makamtau. 

The upper reach of the parts to be utilized of the klong Makamtau ought to be 
somewhat improved. 
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Prom the upper parts of the Supan river, the distributaries will be- provided 
with water by regulatihg dams and distributaiy sluices. 

Although the upper parts receive only a small quantity of local drainage 
water, the parts of the Supan river below about Bang Plama, must be kept free 
for discharge purposes, as the lower parts of the river are running, with only small 
ridges along its course, through the lowest parts of the plain between the high 
ridges of the great Meiiam and tlie Meklong livers. 

Prom about Bang Plama over Klong Ban Than down to iMeklong ( Saniut 
Sang Kram) a Supan main canal, about 100 K. M. long, has to be excavated on 
the right, bank of the Supan river, to provide with iriigation watier the lower parts 
of the region under command. This canal most likely ought to have its course 
about where the area under command is limited by the ground growing too elevated. 
It will probably however be possible to utilize, at least provisionally, existing 
drainage and inundation channels to carry the water to some parts of the lower regions. 

The most suitable direction of the Supan main canal cannot be determined 
except on the basis of efficient surveying and levelling. 

The new main canal on the left bank of the great Menam, from the offtake 
to the mouth of the existing klong Lopburi at Ban Tahkwai, a distance of about 
45 K. M., has to be located on the crest of the ridge near to the river. The site 
of this new canal will be especially suitable for scouring escapes. 

. Pi'om Ban Tahkwai the kloug Ijopburi can be used, which at present has 
a capacity of about 200 M.^ per sec. This klong, in a natui'al or artificial way, is 
cut across the left bank ridge of the Menam and joins the Lopburi river. 

The klong Lopburi must be improved, principally by the construction of 
embankments, in oi'der to raise the capacity. 

The Lopburi river derives the bulk of its discharge from the klong Lopburi 
and the united channel can be utilized for the main supply from Lopburi to 
Ayuthia. This channel however has to be improved considerably by enlargino- the 
the narrowest parts of it, by cutting off windings, by making embankments, by 
damming up the open connections with the great Menam and building a couple of 
navigation locks etc. 

Prom Ayuthia to Sumrong, below Bangkok, a distance of about 80 K. M., a new 
left bank main canal has to be excarated, though over some distances important existino- 
channels can be made use of. From Koh Kert to Bangkok, this new canal can follow 
the existing canal Prem Pracha Korn. This old canal however will be of little 
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use because it is nearly filled up with silt and moreover the original width and 
depth are much too small, even for the lowest part of the left bank main canal. 

The left bank main canal in the vicinity of Bangkok, is pointed out for the 
offtake for a future town water supply. 

This main canal, near Bangkok will have a capacity of at least 50 M.^ per 
sec. and a minimum discharge, for dry season irrigation and flushing in the capital, 
of about 20 W per sec. The average velocity in the watei'wa;y will be about 0.60 
M. per sec. in the paddy growing season and 0.50 M. at minimum discharge. 

As special care can be taken to keep the canal clean, it will offer a very 
suitable offtake for the town water supply, much better than an offtake from the 
great Menam, as this river, under the influence of tide, in the dry season to more than 
60 K. M. above Bangkok, has not a continuous cUi'rent and moreover receives all the 
refuse of the towns and villages on its banlvS, which remains stagnant or slowly 
ruimihg up and down at intervals, in its wide and deep tidal bed. 

The Lopburi river, in the heiglit of the rainy season has a discharge of 
some importance from its own catciiment area, that seems to be fairly regular. 
When disciiarge observations of some duration show the last really to be the case, then 
this will enhance the possibility of extension of the cultivated area below Lopburi. 

In general, discharge of drainage water in supply channels in the flit 
country of Lower Slam, particularly under the present drainage conditions, will not 
cause, the disadvantage and trouble, which is connected with it in. hilly regions, if 
only the matter is duly attended to on the plans, and in that case it may often 
produce saving of expenditure and in any case s^me inci'ease of the available 
quantity of water. 

The whole supply scheme, it must be observed, moreover does not often 
interfere in any important way with the drainage, neither of the area concerned 
nor of the outside regions. The Pasak river is the only important watercourse to 
be crossed, but further the main canals do not cross any general drainage line. 
These circumstances tend to reduce very considerably the cost of the works. 

The ideal and final achievement of an adequate irrigation and di'ainage 
system is of course: 

(1) to have the supply and drainage systems quite separated; 

(2) to have all supply and drainage canals planned and carried out in the 
very most suitable wyy with regard to the purpose ; and 
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( 3 ) to have for each separate parcel of land the supply effected directly 
from a supplying ditch and the drainage conducted directly to a drainage ditch. 

Only in case these conditions are entirely fulfilled will the cultivator be able 
to direct in the utmost adequate way the supply and drainage of each separate 
parcel quite at will, i. e. as appears to be most favourable to the momentary wants 
of his crop ; and besides under these conditions they always will have water of the 
most desirable origin, that has not yet been used by, and has deposited already its 
sift for a great part on neighbouring fields. 

There are however a good many reasons by which the endeavour to obtain 
these final achievements is impeded and often even made undesirable. 

First of all the quantity of water available from other sources in many 
cases is not sufficient to dispense with the use of the local drainage in aid of the 
supply and in these cases separating supply and drainage entirely would of course 
be quite undesirable. 

Secondly often financial considerations will tend, to diminish the requirements 
of the systems, in order to be able to make use, as much as possible, of all kind 
of already existing works and channels, which in general will not be quite so fit 
for the purpose as if they had been laid out on a plan and constructed intentionally, 
but nevertheless will serve the purpose fairly well and reduce the expenditure 
considerably. 

Finally in many cases, like at present in Lower Siam, the development of 
agriculture and the professional skill of the cultivators will be still unsufficient to 
utilize a thoroughly perfection ated irrigation and drainage system to its full value 

The second and last reasons are of sufficient weight in the present case to 
decide on adopting the scheme in its proposed shape, keeping in view, however its 
final aim at perfection. 

As a matter of course, if there had been no existing klongs and the whole 
system of main canals, and distributaries also, had to be laid out upon a scientific 
plan, they would have been planned in some parts in another way. For instance 
the left bank main canal would not have been ti-aced through the i-ather low ti-acts 
Lopburi-.\yuthia and new canals would not have been projected with the many 
windings, the channels to be utilized have. 

The channels to be used as main canals and also the klono-s in their 
functions as distributaiies, of course, would have been more throughly appropriate 
when planned foi' the purpose, but as it is they will neveitheless answer the purpose 
very well and to use them will reduce the outlny very much. 
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Distributaries Prom the main canals are to branch off numerous main distributaries, in 

in oiigs. Qj.(jgj, ^^ p,^i.j.y j^j^g ^,^^gj. ^^ ^^^ different parts of the area under command. 

The existing main klongs. to a total length of at least 600 K. iM., will of 
course be utilized for this purpose as far as possible, but for the greatest part have 
to be repaired and improved. 

The rough embankments of excavated earth, already existing along the 

klongs, must be raised at many places by earth, dug out of the klongs for repair, 

and further must be improved and turned into proper embankments, fit to resist 

I the head of water required to keep the waterlevel in the distributaries at a 

sufficient height above the groundlevel. 

Where no suitable klongs exist, new canals must be dug. A system of 
another 600 K. M. new main distributaries is reckoned up. 

The capacity of the distributaries of course depends upon the tract of land 
they have to serve and may be considered as a matter of detail. 

The supply of water to the main distributaries is to be secured and 
regulated by a system of main distributary works, connecting the main canal, with 
the main distributaries. Further a number of navigation locks are required for 
boat traffic. 

Prom the main distributaries the water is to be divided over subdistiibutary 
canals, for wiiich purpose of course will be used the thousands of K. M. existing 
small klongs that are spi'ead as a network over most of the cultivated parts of Lower 
Siam. Where there are no existing small klongs, it is considered that the local 
communities will make them in the way of cooperation, customary to the country. 
It seems fairly certain that people will do so, as under present circumstances 
they already dig a good many of small klongs for communication and scooping 
purposes only. 

As far as people do not want immediately to make these small canals, a 
system of wide spread field to field irrigation will be adopted, as is generally in 
use in the rice growing deltas of the Madras Precidency (Buckley p. 254) and 
would be quite appropriated to the present agricultural methods in Lower Siam. ' 

In order to secure full command of the water for the range of every subdistri- 
butary, a good deal of subdistributary sluices will be required, which will connect 
the subdistributaries witli the main distributaries and where necessary have 
arrangements for boat traffic. 
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The most suitable and least expensive location of the new distributary 
and the subdistributary canals to be dug and of the distributary sluices to be 
built, can, of course, only be determined on the basis of efficient surveying and 
levelling, the available data about the elevation and the existing maps ( the cadastral 
maps excepted ) being more or less sufficient to' trace the outlines of the scheme, but 
not suitable for any detailed plan. 

The whole system of klongs must of course be separated from the rivers in 
order to prevent the water, carried by the irrigation canals, from escaping into the 
rivers and as boat traffic between the klongs and the rivers has to be kept open, 
the separation has to be effected by navigation locks. 

The same will be the case for those different reaches of the new irrigation 
canals and existing klongs, which ought to have discontinued surfaces and are 
to be separated by artificial canal falls. In the flat Siamese plains these falls 
will however be few. 

Loclcs to separate the water level of the klongs from the rivers will, as 
was explained ( p. 26 ), even without supply be of great utility because of their 
function of preventing the water from running away from the fields, when the 
water in the livers is still low or already subsiding. 

Besides this they would at once also be of great utility to boat traffic, by 
keeping the water in the klongs at a higher levei; this would also facilitate scooping 
water on the paddy fields and nurserybeds. 

Moreover the water in the lower canals will not so soon become and so lono- 
remain brackish, when the salt water from ths rivers is prevented by locks from 
running freely in ; and finally the klongs will not silt up in the same way as they do 
now, because the locks will prevent new muddy and salt water from the liver con- 
tinually entering into tlie klongs and running away after having deposited a con- 
. .siderable part of its silt, as the tidal cun-ent now causes to be the case twice a day 

Relation be- '^'^^ fi"^^ achievement of a fully elaborate irrigation system, of su'ih a 

^^d^d ^^^ character that, for eveiy locality the watersupply can be commanded quite at will, in 
its effect greatly depends upon the conditions of drainage of the said locality ; for 
if the supply actually is to produce the cui'rent and the depth of water on the fields 
at any time required for the crop, then it, is, of course, required that all utilized 
and unnecessary water can be drained off at will from every such locality also 
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For the fields in the highest parts of the area under command, the ques- 
tion of drainage can be solved very easily by di'aining off the superfluous water 
on the lower fields. 

The fields which have an occasional shallow flooding of some days or a couple 
of weeks, as is the case witli the bulk of the lands, would be in the same condition 
as the highest lands, except during the short period of occasional flood ( as far as the 
irrigation works will not at once prevent the present flooding by the rivers), and would 
benefit by the supply combined with regular off-flow during all the rest of the time. 
For the lowest parts, which under the present conditions are liable to a flood- 
ing of some considerable duration, the matter is however more complicated. As 
long as in these parts drainage is not fully commanded, they cannot be irrigated 
in the most adequate manner, i. e. have in every parcel of land, as long as they 
want it, the water flowing continually in and out. 

These parts will therefore provisionally be supplied in a wide spread field 
to field way ; that is to say the fields will be covered with water that has over 
wiiole region a continuous level, so that the small parcel-embankment (tamnop 
nah), where they exist, are submerged and the depth of water on the fields 
depends upon the elevation of the soil. 

This method differs from the present flooding, in as much as the regular 
supply by iiTigation will last as long as it is required and the water will be much 
more in continuous motion. 

For these lowest strips of land provisionally the chief, but most important, 
difference between the present conditicm and tlie condition when supply is commanded 
therefoi-e would be, that now for each part of the field the flooding lasts as long 
as the level of the rivers is sufficiently high to submerge it, ( which generally is 
short enough indeed) and in the case of regular supply the flooding practically 
would begin as soon and last as long as may be required on behalf of the crop. 
Thereby in the latter case a great quantity of silt would be carried to the fields, 
though it will be dispersed still very irregularly. 

An elaborate system of subdistributaries would of course be of no great use 
for the rice cultivation in these lowest parts, as long as no complete drainage is 

effectable. 

By digging small ditches connected with the distributary canals, the 
dry season supply, however, could easily be made available for these lowest 
tracts of land, in order to irrigate dry season crops and to supply drinking. water. 
These ditches would however be liable to be somewhat deteriorated every year 
during the flooding season. 
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There are of course no sharp limits between the highest lands, the 
occasionally flooded lands and the lowest strips ; but only a nearly imperceivable 
gradual transition from one condition into the other can be stated. 

Storage capacity. The storage capacity of the system is comparatively of little importance. 

The maximum storage in the riverbed above the weir up to Paknampo will be 
about 50 million M.^ in the dry season. About half this quantity, i. e. the water 
contained between the highest level and the depth of about 2 M., would be 
available for dry season supply, and this would provide about 10 M.^ per second 
during the period of a month. This quantity certainly would be of small influence 
on the supply from a river such as the great Menam, with a minimum discharge 
of about 200 M.^ per sec. 

The storage capacity of the river above the weir, together with the water 
contained in the main canals and main distributaries (about lOO million M.^ at 
high level, and about 50 million M.^ at the lowest level available for irrigation ) 
and in the subdistributaries and the deeply inundated tracts ( as far as drainage 
will be still deficient) and with the quantity contained by some uncultivable beungs 
( swamps) will however have some regulating influence, especially at the end of the 
season of supply for paddy growing. 

Drainage. Under present conditions of watersupply, draining the fields of snpei'fluous 

water is practically entirely neglected ; this circumstance is caused by the fact that 
in general there is no superfluity, but only shortage of water in the Lower Menam 
Valley and therefore an adequate drainn.ge would tend more to aggravate this evil 
than to be of utility. The only effort actunlly made in the matter of drainage 
is, to prevent draining off of the water as much as possible. 

The methods of paddy cultivation ai'e shaped entirely in conformity with 
the requirements of the present conditions and even the paddy plants have assimi- 
lated themselves thereto in a most interesting way. 

Nevertheless adequate drainage is of great utility to improve ao'ricultural 
methods and results, as is generally known and has been already explained in the 
case of Lower Siam ; but as long as shortage of water is the predominant impediment 
to a luxuriant development of rice plantations, of course, adequate draina"-e would 
be more a disadvantageous than an advantageous expedient. 

All this does iiot prevent the prejudicial consequences of want of adequate 
drainage being most obvious, in many regions in Lower Siam, by encroachment of 
rushy, reedy and other aquatic plants, which threaten to make some of the lower 
tracts quite uncultivable. 
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Although, as was explained, under the present condiihms of agriculture in 
Lower Siani, want of drainage does not prevent watersupply being of the greatest 
utility, ( as not only the bulk of fields but also the lower parts, where drainage is 
most deficient, will 'je greatly l)eneritted by it, ) nevei'theh^ss as soon as an adequate 
watersupply will be available, and therewith shoitage of water has disappeai'ed, 
the want of a suitable drainage system will appear to be an impediment to further 
jigricultui'al and social improvements in the lowest I'egioiis. 

It is however, as was already hinted at, most probable, if not quite certain, 
that the quantity of water required for iriigation in the case of deficient drainage, 
is considerably less than when a,n adequate drainage is provided for, principally 
because in the last case not only the utilized water is drained off along the surface 
of the soil, but also a great deal is drained off through the ground to the drainage 
channels, which ought to have the waterlevel considerably lower than the ground. 

The advantages of adequate drainage, here above explained, are : 

(a) the possibility of increase of accomodation in the villages for men and 
for cattle breeding ; 

(b) the possibility of growing fiuit tifcs- and piacUsir.g gaiden cultivation 
everywhere ; 

(e) the possibility of having the water on every parcel always at will drained 
off and supplied to the most required depth and having it never stagnant but 
continually renewed, which is of great value as well on behalf of the growth of the 
plants directly, as on behalf of the carrying on of fertilizing silt by the water, 
and so of the general improvement of the soil ; 

(d) the possibility of cultivating only the best kinds of paddy nah suau (garden 
rice) and of ceasing to cultivate the less valuable na muang paddy ( floating rice) ; 

(e) the possibility of making and maintaining roads at a reasonable expense. 
These are of such importance and would so enormously change to the better 

the agricultural methods and the general aspect of the country, that in course of 
time the matter will certainly be provided for. 

Drainage improvements however, it cannot be denied, are secondary to 
supply in Lower Siam and as the change in agricultural methods, connected with 
it, can only be expected to be possible by degrees, in course of time, the want of 
adequate drainage will also but grow gradually, and can gradually be provided 
for, at first there where it can be most easily adopted, and will be of the most 
striking direct effect, in order to make the people aware of the value of proper drainage 
and accustomed to the altered conditions of cultivation. 
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The principal agents of drainage in th^ Lower Menam Valley will be, the lower 
parts of the Supan river for the regions on the right bank and the klong Bang Heer 
for those on the left bank of the great Menam, and besides some smaller drainage 
channels, which discharge themselves in to the main rivers or directly into the sea. 

The great Menam and the Meklong and Bangpakong livers, however, are 
situated too high on ridges and their flood level is too high to be of much avail for 
local drainage of the lower parts of the plains, except where they are subjected to tide. 

The channels for local discharge in the lower parts are, of course, subjected 
to tide, which has the advantage of enabling, during some hours per day, drainage 
to a very low level, but the disadvantage of inundating some low parts with salt 
water, specially at high spring tides. 

The difference between ordinaiy high tide and the very highest sealevel, 
it must be observed, is not very great in the Gulf of Siam ( less than 1 M. ). 
Considerable rising.s of the sealevel in consequence of heavy storms do not occur. 

The very high tides occur rarely; but one inundation is sufficient to spoil' 
the fertility of the soil for years, and great extents of land have been made unculti^ 
vable in that way. 

As I have already mentioned, a good part of the evil in this direction has 
been caused by people concerned in shipping firewood and atap from the coast, by 
digging out the smnll creeics connected with the sea, in consequence wliereof the 
tidal current in these channels has grown so strong as to be able to enlarge the 
creeks still more and cany the salt w.iter continually higher up country. 

The first thing to be done in the matter of drainage will be to prevent 
these salt water inundations (which principally in the case of the klong Bang 
Heer cause great damage to the fields,) by making tidal sluices that keep the salt 
water out of the inland part of the cliannel, or by making embankments which retain 
the salt water in the channel, when it remains in open communication with the sea. 

The first means can be applied in the case of the sniiiller channels, the 
klong Bang Heer included, but in the case of big tidal channels, such as the lower 
part of the Supan river, only embanknients are available. 

The embankments of the Supan I'iver however will only be of considerable 
dimensions at a few places where the soil is lowest, and will chiefly be formed by 
the earth excavated, in order to construct the principal, distributary canals of the 
irrigation system, which, like, the main canals, will run on the ridges alono- the 
banks of the river. These ridges indeed are not very high in the case of the lower 
part of the Supan river, but still of sufficient importance to be .utilized. 
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The works on behalE of drainage will further consist in improving existing 
channels and excavaiing new ones, in order to obtain uninterrupted main drainage 
canals through the lowest parts of the regions concerned, and in making the level of 
this drainage canals independent of the level of the irrigation canals, by separating 
both kinds of channels by means of locks and sluices, and by aqueducts or syphons 
where they cross each other. 

To the main drainage canals will be joined a system of tributary drainage 
canals and ditches. 

The main drainage for the regions on the left side of the great Menam 
will principally run to klong Bang Heer and discharge into the sea by tidal sluices 
and for a smaller part to the lower reaches of the main rivers by canals, cut 
through the ridges there along and provided also with tidal sluices. 

For the right bank regions the system of main drainage canals will run 
through the lower parts between the Supan river and the great Menam and 
between the Supan and M(;klong livers, which lower parts are situated rather near 
to the Supan river; at several localities canals are to be cut through the small 
ridges along the Supan river to effectuate the discharge, by separate tidal slni-ces, 
into that river, or existing channels have to be adapted for the purpose. 

This system of draining the country by parts has the advantage of requiring only 
comparatively small drainage works and so being not very expensive, but can only be 
generally adopted in LowerSiam,when a big tidal channel exists near to the lowest tracts. 

Some small tracts of land near to the coast will be drained by separate 
channels, provided with tidal sluices, directly into the Gulf. 

The requirements of drainage, as already mentioned, will grow gradually 
with the changes in methods of cultivation, and so the whole system will be 
developed by parts successively ; this will cause no engineering difficulties or extra 
expenditure of importance, provided that the final end is continually kept in view 
and the partial improvements are planned in accordance with the final end. 

In connection with the accomplishment of the drainage for the lowest regions, 
the achievement of an elaborate system of subdisti'ibutaries for supply is to be 
continued. 

Overflow of the rivers, when even rare and of short duration, of course, 
does not agree with an adequate irrigation and di'ainage system, and could cause 
considerable damage as well to the works and canals as to the gardens and paddy 
fields, the kinds of paddy that can best withstand high inundations then being 
replaced by more profitable sorts. 
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-The embankments formed by the earth, excavated, in order to construct 
the main canals and principal, distributaries of the irrigation system, which, as 
was observed, will run on the ridges along the rivers, will however ia principal 
already prevent this overflow, and where this not may be the case in course of 
time embankments will have to be constructed for the purpose. 

These embankments will be neither high nor very expensive, being the banks 
of the rivers, as was explained, already raised to the level of ordinary high flood 
by natural deposits. 

When overflowing is prevented by embankments, the highest floodlevel in 
the rivers will be, raised of course, but evidently not- very much because at present, 
though the vegetation and buildings on the banks of the rivers do not pi'event 
the overflow at extraordinary high floods, nevertheless they confine the quantity 
of water escaping from the rivers to a very small part of the discharge. 

The overflow in I'eality causes inundation only, but not a perceivable current 
on the submerged fields, because they are always quite overgrown with plants 
and offer so much resistance that no perceivable current is possible. 

The dischai'ge is therefore, even at highest floods, practically confined to 
the channels of the river, whilst the inundated tracts act only somewhat as regula- 
ting basins. 

As the Siamese rivers, however, have already a very regular regime before 
they reach the lower plains, and rise and fall very slowly, the influence of 
regulating basins is neither very impoi'tant nor much required ; therefoi-e prevent- 
ing the overflow will not entail a considerable rising of high flood or require high 
embankments, a small rise causing already a considerable increment of capacity. 

Some philosophers have disapproved embanking rivers, because this will 
prevent the lands to be further raised by ovei'flowing. This may be in non-irrigated 
countries a point of consideration, but in the present case, as was explained, a much 
greater quantity of silt will be caiTied on to the fields by the iri'igation canals, than 
overflow ever can do. 

Moreover the Siamese cultivators hfive very great difficulty because of tlie 
fields lying too high, and compared therewith, but little because they are too low ; 
and there is little reason to fear, that the contraiy ever will be the case. 

NaDigation. When the proposed irrigation system is in operation, in the height of the 

rainy season boat traffic and raftijig on tlie great Menam can go on nearlv 
on the', same footing as under present conditions. In the high floodseason 
the head at the dam will be small, so as to permit rafts and even boats 
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to pass through the dam. By constructing a slide for that purpose-, this may be 
continued for a considei'able space of time each year. Further a set of locks 
will always keep open traffic between the up-and down-stream reaches, of the 
river and the main canals, both for boats and for rafts ; but as a matter of course 
the rafts ought to be arranged according to the dimensions of the locks, which 
may however be taken rather large. 

In the dry season and in the commencement of the rainy season, the irriga- 
tion works will take off nearly the whole dischiirge of the great Meiiam and 
reduce it to a similar stream as for instance the Pasak and the Petchaburi rivers. 
Navigation with big boats of course, will not be possible on the nearly emptied river 
from the weir at Chaiiiat to the reach of the river where the influence of tlie tideS 
becomes considerable, which will be some kilometers belo# Angtong. 

This will however for through traffic to and from the North cause no 
disadvantage, because the two main canals will offer much better waterways than 
the river does in the di-y sea,son. 

That this must be the case needs no further explanation, when it is taken 
into consideration that the same quantity of Wiiter will produce a much deeper way 
in two comparatively narrow canals, than in the irregular, wide and shallow river 
below Chain at. 

The troubles boat traffic at present has to contend with, during the dry 
season in these reaches of the great Menam are sufficiently known, so that I need 
not dwell on it in pai'ticular. 

In the rainy season, at least for upstream ti-affic, the canals will also be 
preferable to the river, because of the current being less rapid; and moreover the 
way will be shorter. 

The people concerned in boat traffic, and living on the banks of the river 
below the weir to about Angtong ( where, in the dry season, the water level com- 
mences to become subject to the influence of tide), would of course experience con- 
siderable inconvenience with regard to big boats; small boats however will always 
b.^ able to pass the Menam channel, because it will be necessary always U> have 
some M.-'' of water ilowing down the river, if only to produce drinking water for the 
population living quite close to the banks and for their cattle. 

On the other, hand however, as the system of canals will be greatly improved 
and extended and as all the canals will have, all the year through, a rather high 
level, the inland boat traffic aH over the whole Lower Menam Valley will be under 
much more favourable conditions and so will be greatly furthered. 

On the part of the great Menam above the weir, in the dry season, the 
effect of the dam will be to raise the level of the water very perceptibly to about 
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Paknampo and so the navigability of this part ,of the river, where „at present in 
the dry season boat traffic has to go through' many troubles, will be very much 
improved ; consequently boat traffic always will be open between Lower Siam and 
the upper Menam plain. 

Probable dee- Another question of importance is in how far the offtake of the greatest 

pening of the 

Menam beloto P^^^ °^ ^^^ ^^^ season discharge of the great Menam would prejudice the waterway 

9 from Bangkok to the sea for seagoing ships. 

There is no doubt that the change in the regime of the river, produced by 
the offtake of water, will have some effect on the lower pares of the river, but in 
all probability, this effect will be an advantageous one, because the more water 
and silt is taken off from the river and carried on the fields, the less of the latter 
stuff will be deposited on the bottom of the river and on the bar. 

With regard to this matter, it must be taken into consideration that, in the 
vicinity of . the sea, the current of the river is slackened by the effect of the high 
tide, .in consequence whereof always, the whole year through, during a part of the day 
a certain quantity of sand and silt is deposited on the bottom; but at the mean 
time by the ebb-current, the whole year over, during a part of the day a certain 
quantity of the stuff deposited is scoured away again. 

In the rainy season most likely the deposit will be somewhat prevalent, 
and in tlie dry season the scouiing away, because in the latter time the quantity 
of stuff carried down by the water is small. 

When in the coui-se of time however the bottom of a river shows no 
considerable change in depth, as appears to be the case with the great Menam, 
then in the whole the deposit and scouring out must of course have got to the 
point to balance each other faiily well. 

If now the quantity of water coming down diininishes, the matter to be 
deposited will diminish in a similar proportion ; the quantity of silt carried on beino- 
only dependent upon the discharge of the liver. 

The force of the ebb-current however is dependent both upon the quantity 
of water flowing in by the floodtide and upon the discharge of the river. 

When now the discharge diminishes, this will be also of influence on the 
ebb-cuiTent, but not in the same proportion as the discharge has grown smaller 
because firsthj the discharge is only one of the factors upon which the ebb-current 
depends and secondly because, when this factor grows smaller, the other factor 
the quantity of water flowing in by flo.odtide, increases. 
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The' scoiirirag 'force o! the ebb-cuneiit will therefore, when the discharge 
and therewith the deposit diminishes, decrease also but to a much smaller proportion 
than tlie deposit; and for this reason it may be expected that the bottom of the river, 
as far as the effect of tide is felt,, must have a tendency to grow deeper in 
consequence of the offtake of water for irrigation. 

Tliese considerations are examplified by the fact that the lower parts of the 
Supan river, which has practically no discharge of any importance since the Iclong 
Malcamtau has been silted up, keeps its channel open at a great depth, and is 
always navigable up to Bang Plama, at about lOO K. M. distant, in a straight line, 
from the sea; whilst the Meklong river, which has a great discharge, a few K. M. 
above Ratburi, at a distance of about 30 K. M. from the sea, already begins to become 
too shallow for navigation in the dry season. 

That in the case of the great Menam, and also of the I^angpakong river, the 
channels have a great depth to far up-country, thus is not owing to their discharge, 
but to the prevalence of the tidal currents. 

Ill the case of the Bangpakong river, moreover, the process is facilitated by 
the fact 'that the water contains a mucli smaller quantity of silt, than that of the 
great Menam and of the Meklong, as may indubitably be inferred from its colour. 

Tide'- obsef va,tions and discharge determinations at Bangkok and Paklat have 
proved that, when the regular discharge of the Menam is about 3,000 M.^ per 
sec, the ordinary daily high tide still causes- an upward current in Bangkok for a 
short, time, from which fact may be iiiferi'ed that the offtake of about 200 to 750 M.^, 
according to the season, will not cause any important change in the level or 
depth of the great Menami as far as it is subjected considerab'y to the influence of 
tide. (In Bangkok the crosssection of the waterway measures about 2,800 M.^ and 
at Paklat about 5,500 M^ at high tide]. 

The quantity of mud annually deposited on the bar, however, will decrease 
by the amount of the silt which will be carried to the fields by the irrigation canals 
and, as the mass of water running over the bar, and therewith the scouring force, 
will' diminish in a much smaller proportion than the mud, in course of time a 
slight decrea.se in height of the bar may be expected. 



The Menam Under present conditions the great Menam grows salt or brackish annually 

OUJing salt. i„ the dry season during about 3 months and to about 30 K. M. above Bangkok. 

Occasionally, in consequence of very high tides, the brackish water luns up higher 

for some hours. 

As was mentioned, the quantity of salt water, coming in by flood, in the 
future conditions will increase and in the dry season thus the water will become 
brackish f^.r a longer period [probably for about 6 months, as now is the case with 
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the Supan river ] , to a higher degree and to further upstream ; but certainly not further 
than to the reach of the river where under present conditions the influence of tide 
ceases to be felt considerably, that is to say to a good distance below Angtong. 

That the river will grow salt higher and longer will cause no difficulty 
which regard to drinking water, as all the canals and klongs on both sides of the 
river will always contain a steady current of fresh water. 

If a pumping station existed, taking off water for Bangkok from the Menam 
above the reach that now grows salt in the dry season, it would of course be affected, 
when the water grows salt to a higher reach, arid would have to recur to the 
nearest irrigation canal for its supply. 

Teaktraders also will of course have to arrange the storage of their logs 
in accordance with the change. 

They might use the big basin above the weir for this purpose and float 
down the logs in small lafts or simply in the future, as under present conditions, 
take to the lowest reaches of the river, which will not grow salt. That there will be 
a reach of considerable length and depth, which will remain fresh, even when the 
discharge is reduced to some j\I.* and the influence of tide is still considerable, is shown 
by what at present is the case with the Supan, Nakon Nayok and Prachim rivers. 

Other aoailable Besides the great Menam, its tributary the Pasak river and further the 

Meklong and the Bangpakong rivers are still available for irrigation purposes in 
the Lower Menam Valk.y. 

In comparison with the Menam, these rivers however are of small importance 
and the total extent to be ii'rigated by these thriee rivers together most likelv will 
never reach a fourth part of the total area of the Menam system, treated above 

In regard to these rivers and the adjacent regions, much less recorded 
information is available than about the great Menam. 

The regions concerned are moreover under cultivation to a much smaller 
percentage and no great cities as Bangkok, or even Ayuthia, lie in these tracts. 

It is therefore the more a matter of coui'se that the scheme of the lower 
Menam plain should be taken up first. 

For these reasons the other rivers mentioned will here only be taken into 
consideration very generally and in connection with the Menam scheme. 

The Meklong river can be considered as entering the plain about Bang Mai. 
In the dry season the level of the river is several meters below the banks. 
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The Meklong river lies rather elevated. At Bang Pong, at a distance of 50 
K. M. from the coast, the hanks lie about 16 M. above the low water level of the sea, 
whilst Muang Prom, on the great Menam, at a distance of about 140 K. M. from, 
the coast, lies 17 M. above this level. 

In consequence of these considerations and of what has been mentioned 
before conceraing the discharge, togther with the elevated situation of the river, it is 
obvious that the water of the river is to be utilizji foi- irrlgition of the plain to the east 
side of the river, only as far as the land is too high to be watered by the Menam 
system, and further is to be reserved for the plains on the west side of the river. 
To get command over the water a weir has to be constructed across the 
Meklong river at a locality between Bang Mai and Bang Pong and further canals 
are to be dug on both banks. 

The canal on the right bank has to be traced near to the foot of the hills 
to about Pechaburi. The Pechaburi river then remains chleriy available for the 
plain on its right bank. 

On the left bank a canal is to be constructed in order to irrigate the most 
elevated parts of the plain, which lie too high to be irrigated by the Menam system. 
This appears, as must be deduced from the railway surveys, to be a strip of land 
adjacent to the river and about 10 K. M, broad in the vicinity of Bang Pong, but 
deci-easing in breadth towards the coast. 

Especially in this tract numerous small inundation canals exist, which 

however are constructed very primitively; and in consequence of inadequate alignment, 

they do nearly as much hirni to the lower tracts as they benefit the higher ones. 

The area to be conimanded by a future Meklong system may be extended to 

about 150,000 H.. A. 

The fields to be under command of the Meklong supply are at present 
almost entirely depending upon rainfall. 

Rainfall is very scanty in these regions near the high western hill ranges, 
by which the monsoon rains are retained, and loss of crop here occurs more often 
than perhaps anywhe.'e else in Siam, so that irrigation would be of the greatest 
utility. The population however is sparse and a small part of the land only is 

cultivated. 

As the slope of the ground (about 15.000 below Bang Pong ) is much greater 
than in the Menam Valley and the rainfall very scanty, the quantity of irrigation 
water required ,.er unity of extent, will be rather great here, and the area mentioned, 
i„ all pi'obabiUty, will be about the maxi>num extent that can be watered by the 
Meklong. 
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The dry : season discharge of the Meklong river also being very consider- 
able, this irrigation scheme promises to become a. great success and follows in urgency 
.and direct .utility nest to the Menam scheme. 

It will however most likeky prove rather expensive, because scarcely any 
existing works can be utilized, whilst the capacity of discharge piust be comparatively 
great and the situation at the foot of the hills will require expensive works to cross 
the ravines of the numerous rivers coming from the hills. 

Drainage canals and protection against inundation > by salt water of the 
lowest parts of the fields between Ratburi and Pechaburi will, in this case, require 
great attention, a great extent of paddy fields in this neigbourhood being deserted 
already, as people said, in consequence of inundation by salt water, by which a 
continually increasing extent of land, is rendered uncultivable. 

This encroachment of the salt water is caused by small creeks having grown 
into big channels, by the action of the tides, after they previously had been enlarged 
artificially lo facilitate boat traffic. 

To check the continuation of this evil and to regain the lost land is a matter 
to be considered immediately, as well as the improvement of the existing 
inundation canals from the Meklong, which also would not be very difficult, in 
connection with the fairly rapid slope of the ground. 

Around the town of Saraburi is a rather flat plain of the extent of about 
100,000 H. A. which is too elevated (according to the railway surveys) to be irriga- 
ted by the Menam system and for which the Pasak river is the only available 
source for water supply. 

The banlcs of the Pasak river have an elevation of 21 M. above sealevel 
about Saraburi and of 51 M. at Chaibadan, at 60 K. M. distance from Saraburi. 

The considerable surface slope of the gi'ound and of the river (about 1/2,000) 
secures the possibility of iriigation for the plain concerned, but indicates also that 
the quantity of water required will be rather great in consequence of the rnpid 
slope and the considerable elevation above sealevel, though rainfall here seems to 
be rather greater than less than in the Lower Menam Valley. 

It is therefore questioiiiible whether the discharge of the Pasak river will be 
sufficient in quantity and regularity to supply the whole extent of the plain 
concerned. In any case, however, it can be considered as a matter beyond doubt 
that the plain concerned around Sarabui'i will be the maximum area to be reckoned 
upon, for .irrigation by the Pasak river. • 

When the whole lower Menam plain is properly irrigated however there is 
a considerable chance that rainfall will increase in the hills eastward of the valley 
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and so the discharge of the Pasak riv,«r too, because the humidity of the air in 
the valley will increase considerably by the fact that the greatest part of a quantity 
of water of about 750 M." per see. more than at present will be evaporated, of 
which quantity most lilvely some part will, be driven north-eastward by the south- 
west monsoon and condense into rain In the hills. 

The scheme most likely will be much more expensive per unity of extent 
than the Menam system, because no existing canals can be used and the vicinity 
of hilly regions will require expensive works to cross drainage channels. For the 
present, only a small part of the land concerned is cultivated and the extent of 
this area would not justify great expenditure on important works. 

For the future, by opening up new land, the Pasak scheme may be conside- 
red as promising great success, economically and also financially by sale of land. 



The Bangpakong river and her northern tributary, the Nakon Nayok river, 
run through extensive plains, for whicii the discharge of the rivers can be made 
available. 

Rainfall in these plains appears to be much greater than in the Menam 
plain, in consequence of the greater distance from the high western hill ranges and 
of the existence of considerable ranges of hills ai'ound the eirele of Prachim to 
the north, south and east. In consequence of the important rainfall, the discharge 
of the rivers is fairly regular and large in proportion to the extent of the catchment 
area. 

The, clayey soil of the plain of the Prachim circle has a rather feeble slope 
as may be inferred from the slow current of the rivers; and the elevation above 
sealevol is small. 

The quantity of water required for irrigation in all probability will there- 
fore, not be very, great per unity of extent. 

The plains however are very extensive, ( at least about 400,000 H. K. seem 
adaptable for irrigation,) and the rivers concerned are the only available source 
for the purpose, so that the discharge of ^these rivers,- however considerable and 
regular it may be, probably will be insufficient to serve the total extent that will 

require supply. 

k scheme of irrigation would not meet with great difficulties here; drainage 
works and at some places, protection against undesirable flooding by the rivers 
are to be, connected with it. 
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At present however in these regions '^there is no urgency with regard to 
irrigation, because they have a sparse population and only a small part of the plain 
is under cultivation ; although an irrigation system constructed in order to open up 
the region, in all probability would prove a very paying enterprise. 

The conclusion to be drawn from these provisional considerations with 
regard to irrigation from the rivers Meklong, Pasak and Bangpakong is, that these 
rivers at the best are in the position to serve their own adjacent plains and that it 
will not therefore be advisable to utilize them in aid of the supply for the lower 
Menam plain, which moreover, though certainly possible, would in all probability 
cause no saving of expenditure in any case. 

Upper Menam The Upper Menam Valley, especially the upper Menam plain between Pak- 

^ ' nampo and Pitsanulok, has already been referred to. 

This plain is very extensive but is little cultivated and has a sparse 
population, so that almost no rice is exported from the regions to the North of 
Paknampo, as I was informed ( see footnote p. 80 ). 

Irrigation will there be possible to a great extent, as far as regards the 
physical position of the soil, but is as yet not much requii'ed aii'cl certainly would 
not pay for the area under cultivation at the present time, because of the scarcity 
of cultivated land and population. 

IiTigation works, constructed with the object to open up the land, in course 
of time, however easily may become a financial success. 

In any case the matter must be taken into consideratiou with regard to 
the future. 

In the first place, it must be stated by accurate observations during many 
years, in how far the extension of cultivated area, which can be expected in the 
lower Meriam plain, will allow a considerable quantity of water to be taken off 
from the tributaries of the great Menam on behalf of the upper Menam plain. 

The facts that the upper plain drains off again into the tributaries of the 
Menam and the probability that an extensive area under iiTigation in the upper 
plain will tend to increase rainfall in the hills, and locally also, and hence increase 
the discharge of the tributaries too, are of course, very favourable to the possibiliity 
of water being available for the upper Menam^plain.. . 

Moreover, most likely it will be possible to increase the storage capacity of 
the enormous swamps in the Upper Menam Valley by regulating works. 
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Due care of the forests in the catchment area certainly will be also a 
valuable agent on behalf of the regularity of the discha,rge of the rivers. 

In the narrow valleys of the upper parts of the tributaries, there are 
already instances of regular irrigation, as Mr. J. McCarthy states, in his book On 
surveying and exploring in Siain p. 121, with regard to the plain of Chiengmai; and 
in other valleys irrigation may be possible. 

As these valleys are generally comparatively small in extent and drain off 
in the tributaries again, extension of iiTigation in these regions would not tend so 
very much to the prejudice of the lower plains. 

In any case, due attention must be paid to the question. 



V. 

SCHEME OF EXECUTING WORKS. 



From the above mentioned considerations it is clear that with regard to 
urgency and utility of water supply, the lower Memim plain takes in every sense 
the first place. 

On this basis is founded the whole working programme concerning an 
Irrigation and drainage system, whicli I will now demonstrate. 

Further this working programme is directed by the aim to obtain, within 
the shortest space of time and with the smallest outlay of money, the greatest 
direct results for the benefit of the people and financial returns for the Government. 

To this. end the most pressing wants are to be provided for in the first 
place and every part of the works has to be, as much as possible, immediately 
of direct utility as soon as it is executed; but in tlie meantime every subdivision 
of the work constructed must be in accordance with, and contribute to the final 
end, i. e. the construction of a tlioroughly adequate system of irrigation and drainage. 

In matters of irrigation and drainage works, next to the investigations 
about the available quantity and the quality of the water, the survey of the territory 
concerned is of the veiy first improtance. 

The survey is one of tlie most weighty things with regard to an irrigation 
and drainage scheme, and refers here in the first place to the heights of the fields. 

Insufficient surveys might cause great errors ; though most errors in matters 
of irrigation works have not- resulted from insufficient surveys but from insufficient 
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knowledge about the natural and agricultuFal circumstances, the scheme had to 
deal with. It may be observed, that the most successful! irrigation woi'ks in Java, 
the Brantas deltaworks, as well as in British India, the Madras deltaworks, ai'e 
those where least previous surveying has been carried out, wiiich fact of course 
does not prove that efficient surveying is not wanted, but only that it is not 
impossible in many cases to employ it sparingly. 

The aim of the surveys is to procure the records requii'ed for drawing up 
efficient plans and forjudging the plans; of course, to prevent unnecessary loss of 
time and expenditure, the surveys have to be confined to what is strictly required 
for that purpose. 

These requirement in the first place depend upon the intended works, and 
further on the natural features of the country and its previous artifical works. 

In regions uncultivated or with undulating soil, where no other records 
afford reliable informatioUj the special surveys for the purpose are the only available 
basis of the scheme and have to attain a most elaborate character. 

In the case concerned, however, the scheme to be planned partly depends 
upon unmistakable natural features of the country, and further it is closely connected 
with the situation already existing, so that the general plan does not depend entirely 
on surveying, but surveying will serve principally for elaborating the plans. 

This makes an enormous difference, because in the first case a general 
survey and leveling would have to be extended to and contoured plans finished of 
the whole area concerned, previous to any definitive planning being possible; whilst 
in the second case efficient special surveys or leveling of the parts most directly 
concerned, in connection with existing maps, records, and the physical conditions of the 
country, will suffice for beginning the planning and execution of the works. In 
the first mentioned case many years and millions would have to be spent in 
preliminary work without any immediate profit. 

In the present case the cadastral maps (scale 1/J:,000) which now already 
exist of nearly the whole cultivated area concerned, (in April 1901 already 3,380,450 
rais had been surveyed) will be quite suitable and reliable for the purpose and 
spare a great deal of time and money. 

These maps will only have to be extended and completed, as far as regards 
lands concerned, not yet surveyed, to begin where first required on behalf of the 
projects, and only so far as is quite necessary for the purpose, leaving, further the 
sqrvey of the fields to the Survey Department. 
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Further lines of levels will be run over the countiy 2 or 3 K. M. apart 
and where very flat perhaps more, to begin in those localities, where first required 
for the projects of the weir and the main canals ; again a plan with levels and cross 
sections will be made of the reaches concerned of the great Menam, and of the 
Menam Nawi, the klong Makamtau etc. and further alignment plans for the new 
canals, firstly for the new left bank main canal. 

The detailed projects will be planned on the base of these surveys by parts, 
as soon as the surveys are sufficiently advanced to fix. the situation, height and 
dimensions of the works, in connection with the physical features of the country 
and the existing works by which the general outlines of the whole system are 
dominated. 

The works required for improvement fo the existing klongs which will be utilized 
as main distributaries, must of coui'se be in accordance with their future destination 
and thus are closely connected wiih the plans for the supply system ; but the whole 
of these plans are to such a degi'ee dominated by the physical situation, that these 
improvement works can be planned on partial surveys of the localities concerned. 

In connection with ihe urgency and the direct utility (both on behalf of 
agriculture and navigation. ) of these improvement works, apart from the supply 
scheme, these partial surveys and the planning and executing of the improvement 
works are matters to be taken up in the very first place. 

In connection with the principles set forth hereabove, the progress of the 
woi'ks should be as follows :— 



The first thing to be taken up is the improvement of the existing klongs. 

of the exis- planning and constructing locks is first to be undertaken, to separate the 

t.ng klongs. ^^^^^^ ^^^^_^^^ .^^ ^^^ ,^^^^ p.^^.^^ ^^ th^ Menam plain fi'om the rivers and the 

sea, in order to keep up a higher water level, by preventing the water from running 

away into the rivers or into the sea, and to keep the salt water from the fields 

and, as much as possible, out of the klongs also. 

The very first klongs to be undertaken are Pa Si Cherui'n, Tamnem Saduak 
and San Sep, in order to obtain as soon as possible at least one always practicable 
throucih communication across the lower Menam plain, from the Meklong and the 
Bangpakong rivers to the capital. The fact that these klongs run through the 
most densely populated provinces of the country, and the last mentioned one is in 
connection with the klong Rangslt system and is affected in an unfavourable way 
by these works, recommend them the more to be improved in the first place. 

In the second place it seems to be most urgent to build a tidal sluice for the 
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klong Bang'Heer, in order to prevent furth'er inundation by salt' water of the 
middle parts of the range of the klong Sumrong. 

These works can be planned on the basis of local surveys and levels of the 
fields and observations concerning the highest and lowest waterlevel, so that the 
construction of these locks can be commenced without much delay, when only the 
requirements of the locks in respect to the future supply system are duly 
ascertained on the basis of, the local circumstances and kept in account. 

These locks will be of considerable direct utility to paddy cultivation, by 
retaining the water and bringing a great extent of fields in thsp lower plain into 
about the same condition as the klong Rangsit fields now are ; that is to say, the 
period of time available for agricultural operations will be lengthened and the risk 
of failure of crop will be considerably reduced. 

The reduction of loss of crop is so important, that in cases when in other 
regions the crop does quite fail for the greatest part, in the klong Rangsit i-egion 
most of the crop is saved, though it mostly ripens prematurely and all at once, and 
so is of inferior quality and causes trouble in reaping. 

In the dry season the locks and sluices will prevent the salt water from 
entering theklongs and they will remain fresh much longer. 

Boat traffic will also directly be facilitated by the effect of the locks ; but 
to make the klongs really practicable in the dry season, as soon as the locks are 
finished for a certain klong, the shallow parts of it must be dug out. The higher 
level kept up in the klongs by the effect of the locks will reduce greatly the 
quantity of mud to be dug out to make the klongs practicable at all times. 

The earth to be excavated will serve to improve the embankments and 
convert them into- proper dykes, which in the mean time will form towing paths 
or cart roads. 

Digging out these klongs also will not require lengthy surveying and can 
be carried out without considerable delay on that account. 

The excavation woi'k must chiefly be done by canal dredgers, in order to 
prevent interruption of "boat traffic and water supply by tlie klongs, and moreover 
because in Lower Siam experience has proved this to be less expensive than dio-o-ino- 
by manual labour. 



The financial requirement of the improvement of the existing klongs, according 
to provisional investigation and surveys, may by roughly estimated as follows:- 
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ROUGH ESTIMATE FOIt THE IMPROVEMENT OP EXISTING KLONGS. 

(Expenditure on technical staff and surveying not included j. 

Klong Pa Si Charern [ 32 K. M. ], - excavation and improvement Tics. 50.000 



Klong Taranern Saduak [ 4-1: K. M. ], 
Klong San Sep [ 75 K. M. ], - - 



Klong Bang Heer, 

Klong Lat ( Petrew ) [ 29 K. M. ], 

Klong Prai Wet [53 K. M. ], 
Klong Maha Sawatdee [ 29 K. M. ], 
Klong Sumrong [ 60 K. M. ], - - - 



Klong Mahachai [ 32 K. M. ], 
Klong Meklong [ 35 K. M. ], 
Smaller klongs 



2 navigation locks - - - . 
excavation and improvement 

3 navigation locks (one midway) „ 
excavation and improvement 
2 navigation locks - - - . 

1 tidal sluice 

excavation and improvement 

1 navigation lock - - - 
excavation and improvemant 

2 navigation locks - - 
excavation and improvement 
2 navigation locks - - - - 
excavation, cutting windings 
and further improvements - 
2 navigation locks - - 
excavation and improvement 
2 navigation locks 
excavation and improvement 
2 navigation locks - - - - 
excavation and improvement 
locks and dams . . - . 



Miscellaneous 
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Total ticals 4,500.000 



The money to be spent on making locks and on further improvements of 
the klongs in the lower Menam plain, as a rough forecast, may be estimated at 4V2 
illion ticals, as is stated in the above estimate. (Tics. I7=l£). 

This outlay undoubtedly will pay at once, and also the cost of further upkeep 
,-ill be recovered directly, and, considering the enormous frequentation of the klongs, 



ni 



w 



in all probability very richly, only by imposing small lock dues or tolls. 

When the 20 locks and sluices to be constructed are passed on an average 

fey 150 paying boats per day and the average fee is ''2 tical per boat, then the 

"total amount to be collected would be tics. 547,500 a year. Considering the figures 
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concerning the frequentation of the klongs, (see p. 58) this evaluation will appear 
to be fa,irly moderate. 

Gain of time will more than counterbalance the expenses to which boats 
will be put on account of the tolls and fees imposed. 



The preparatory work of the supply system for the Lower Menam Valley 
Supply system. 

has to be commenced at the same time as the improvement of the existing klongs. 

The preparatory work necessary is rather extensive and requires a conside- 
rable apace of time. 

Apart from the regular hydrotechnical observations to be started, in the 
first place the existing maps have to be completed for the purpose and lines of 
levels have to be run all over the country concerned, to begin in the higher parts. 

As was mentioned before, to fix the exact situation, the dimensions and 
the level of the weir and dam and to plan this principal work and the head sluices, 
the parts concerned of the great Menam, the klong Makamtau and the Menam 
Nawi, with the adjacent tracts, have to be surveyed and levelled in detail. 

The direction lines of the upper parts of the main canals, as far as they 
have to be newly constructed, must be pointed out provisionally and surveyed in 
order to be in a position to determine the alignment and plan the canals definitively. 

Further the planning of tlie improvements of the Menam Nawi, and the klongs 
Makamtau and Lopburi requires detailed surveys of the parts concerned. 

All this will take much time. 

The surveying woik for the supply system has therefore to be started at 
the same time with the improvement works of the klongs, to cause no longer delay 
than absolutely necessary. 

Investigations about gathering stone and other materials for the weir can 
be started at the same time and the machinery required for building the weir and 
headsluices and digging the canals, has to be planned and ordered. 

Probably within about two years the preparatory work can have advanced 
far en(mgh to commence the construction of the weir and headsluices and the digging 
the main canals. 

Building the weir and headsluices will probably take about 4 years. 
When the detailed survey and levelling for the weir and the upper part s 
of the main canals are finislied, this work has to be continued with regard to the 
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improvement of the existing channels to be utilized as main canals, . in order to 
plan the improvements required and the sluices and other works to be built, to 
separate the supply channels from the rivers. 

As soon as the dam is ready the adjacent regions will be benifited by 
it; when the two right bank headsluices and the very short connecting canals are 
finished, and the existing channels to be utilized are improved, then the whole 
of the regions influenced by the Supan river, the Menam Nawi and the klong 
Pakaitelan will instantly profit of the then possible supply. 

The Lopburi-Ayuthia regions will get the supply as soon as the upper parts 
of the left bank main canal are ready and the Lopburi klong and river are improved. 

To hasten the supply to the Lopburi klong as much as possible, it may 
perhaps prove advisable to excavate the upper part of the left bank main canal 
provisionally only to the size required for the supply of the Lopburi-Ayuthia region 
only, or for the dry season capa(uty, and enlarge it afterwards. 

In the mean time the tracts of the new downstream parts of the main 
canals must be levelled, and surveyed after which the projects for these parts of the 
canals and works can be made. 

The execution of these smaller works has to be commenced when the weir 
and upper parts of the main canals are still under construction, in order that all 
the works for the main supply canals fi-om the offtake to the end can be finished 
at full size with as short as possible a period between. This of course is desirable 
to have the works, during as little time as possible, only partly of utility. 

When the surveys, levellings and definitive planning for the channels to 
be utilized and for the lower parts of the new main canal are finished, comes 
the turn of the distributaries for the most elevated parts of the area; and while the 
main canals are being finished, these distributaries have to come under construction. 

Before the main canaJs are ready to provide the supply, the improvement 
of the existing klongs, mentioned on p. Ill, must of course, already be finished. 

As soon as the weir, the head works and the main canals are finished, for tlie 
whole of the lower tracts whei'e now flooding, by the existing klongs, can occur 
for a considerable period, the wateivsupply will be secui'ed at once irom before the 
beginning of June, till after the end of January, in a much better manner than at 
present in the most favourable time of the most favourable year can be the case 
with the most favourably situated fields. By raising the level of the klongs succes- 
sively at the commencement of the rainy season, the labouring of the fields can go 
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on successively also, to begin with the lowest part, and so the cultivation will 
assume a fairly regular character. 

Further, in all those parts of the area under command, which under present 
conditions lie too elevated to be flooded, it will be possible at once to irrigate 
in a most adequate manner, only by digging small subdistribatary ■ klongs, where 
they do not exist already, in connection with the main canals and distributaries ; and 
if people do not at once dig these small klongs, a system of wide spread field to 
field irrigation can be applied. 

In proportion as the supply becomes available, the whole area under command, 
i. e. the whole lower Menam plain, will become in a highly improved condition 
with regard to paddy cultivation, and also in respect to dry season supply. 

During the dry season, as soon as the supply is carried into effect, the 
whole area under command will be highly benefited with regard to garden and 
dry-season-crop cultivation, with regard to drinking water and with regard to inland 
boat traffic, the klongs carrying fresh water to a high level all the year through. 

The town of Bangkok also then will have always fresh, running water in 
the klongs connected with the main canals and scouring water in the street drains. 

The people will be able to partake at once to the fullest extent allowed 
by the present agricultural methods, of the benefits of the supply system, without- 
any alteration in their cultivation or other habits being required. 

The full profit of the works, till this stage, will therefore be obtained with 
out the delay, which would occur if the people had previously to change their 
methods of cultivation or to adapt their habits to new conditions of watersupply. 

What in the above mentioned stage of the works still is wantino- is an 
elaborate drainage system ; especially in the lower tracts midway between the 
mainrivers, where all the drainage water of the higher tracts is gathered • in con- 
nection therewith, an elaborate system of subdistributaries for rice cultivation is not 
immediately required in these lower tracts, but only dry season supply ditches 

Adequate drainage improvements, as was explained before, require people 
to change their methods of cultivation veiy considerably for the better in the tracts 
concerned; and therefore it appears most advisable, to achieve them only oxaduallv 
in proportion as the cultivators become aware of the profits connected therewith 



Cost of the The total cost of this extensive supply system can of course not be estimated 

supply system, ^-^j^ exactness, as long as the surveys and levellings required for definite plans are 
not yet performed and the works duly planned. 
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Nevertheless it is quite possible to give a rough idea of the cost of the 
works, as an approximation of the probable expenditure connected with the supply 
system. Such an estimate is here given. 

ROUGH ESTIMATE OP THE COST OP THE SUPPLY SYSTEM, 
(Expenditure on technical staff and surveying not included). 

Cost, if excuted: 



Weir and dam at Chainat Tics 

Headsluices of the main canals at Chainat - - - 

Headsluice Makamtau .... 

Upstream part new right bank main canal ( 1 K. M. ) 
Upstream part new left bank main canal ( 45 K. M. ) 

New part Makamtau canal ( 1 K. M. ) 

Improvement Menam Nawi and Menam Seekook 
Improvement Lopburi klong and river .... 

Improvement klong Makamtau and Supan river - 
Downstreanx part right bank main canal from Ban 
Sam Kok to Paklat ( 65 K. M. ) - - 

Downstream part left bank main canal from Ayuthia 

to Sumrong ( 80 K. M. ) 

Supan main canal ( 100 K. M. ) - - 

Distributaries ( 600 K. M ) 

Miscellaneous 

[Ties. 17=1 £] Total ticals 47,000.000 28,000.000 

These figures are meant to give an idea of the financial requirements and, as 
the whole lieport, are intended to be a basis of provisional consideration for the 
Government, on which might be decided, whether plans and estimates of the works 
are to be made ; but of course they are not to serve instead of technical plans 
and detailed estimates. 

When considering the cost of new works in any country, a comparison of 
the cost of important works which have already been executed in the country, witii 
similar works in other countries is of coui'se of considerable value. 

Therefore it seems worth wliile to state here the following data concerning 
the cost of the Siamese State Railways. 

The Korat Railway, normal gauge, has cost J 9.8 million ticals and has a 
lencrtlj of 264 K. M. ; the co.st per K. M. thus is tics. 75,000. 
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The Petchaburi Railway, narrow gauge, has cost tics 7.9 million and is 151 
K. M-. long ; .thus- the cost per K. M. is tics. 52,000. 

In Java the normal gauge railways have cost in average fl. 99,000 or tics. 
139,000 per K. M. and the .narrow gauge railways fl. 69,000, or tics 99,000, for the 
Eastern system and fl. 89,000, or tics. 127,000, for the Western system. 

In British India, the cost of the normal gauge North Westei'n State Railways 
(3,077 mills) has been in average Rs. 172,000 per mile, i. e. tics 121,000 per K. M. 
(Tics. 17=Rs. 15=1 £) and of the narrow gauge Burma Railways (1,178 miles) 
Rs. 92,000 per mile, i. e. tics 65,000 per K. M. 

From these figures it must be inferred, that execution of works has proved 
to be comparitively cheap in Siam, notwithstanding wages are high, * so that 
probably higher wages are compensated by more laboiu' performed. 

With regard to the cost of the present scheme, the expenditure on the 
canals forms the predominant factor. 

For the new upstream part of the left bank main canal, 45 K. M. long, I 
have reckoned tics 200.000 per K. AI. 

This canal will have a capacity at the head of 310 M.^ per sec. and the 
velocity will be about 1.10 j\I. pei' s6c. 

The canal is about half in cutting and half in embankment and is considered 
• to require on an average the removing of about 160 AI.^ earth per M. length. 

The downstream part of the left bank main canals is calculated on an averao-e 
capacity of about 80 AI.^ per sec, an average e.xcavation of about 60 M.^ per M. 
length and an average cost of nearly tics. 90,000 per K. AI. ; and the downstream part of 
the right bank main canal on an average capacity of about 60 AI.-'' per sec, an average 
excavation 50 AI.^ per AI. length and an average cost of nearly tics 80,ooo per K. AI. 

The Siipiin main canal is reckoned on an average cost of about tics. 70.000 
per K. AI., and an average capacity of 70 AI « per sec and an average excavation 
of 50 M.3 per AI. length. 

No reduction has been made for parts of existing channels which, when iiii- 
proved, at some localities can be utilized for the downstream parts of the main canals. 

The main distributai'ies, I have calculated on about tics. 8,000 per K. M 
with an average excavation of about 12 Ai.^ per AI. length. 

Now I will state here first that the expeilence of the Royal Railway De- 
partment has shown "the avei'age cost of excavation by hand to be a little less than 
V2 tical per AI.^ in Lower Siam. 



Coolie wages in generid are J to 1 tical a day in Lower Si, 
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When using machinery the cost of excavation is considerably reduced, at 
least by Va, as the experience of the Rangsit Canal Company has proved, according 
to im formation obtained from the Chief Engineer of the Company. 

As the canals to be dug, are half in embankment, they will not require 
very deep excavation, though the dimensions are considerable. 

Nevertheless I have thought advisable to reckon the excavation at ^U 
tical 1 M.^ for the main canals and at Va tical for the distributaries. 

Further, of course, there is the cost for the locks, sluices etc, included in 
the figures mentioned. 

It may be worth while to state here, for comparison, the cost of similar 
canals in British India, as foun'l in Buckley's book, page 250 and 272. Buckley 
states as follow : — [ the calculations in K. AI. and ticals I have added. ] 



Canals. 



Length 



in miles. 



(p. 250) 



Max. dis- 
charge 
capacity at 
head in c. ft. 
p. sec. 
(p. 272.) 



Cost per 

mile 

in lis. 

(p. 250. ) 



Maximum 
discharge 

capacity 
in M.3 

per sec. 



Cost per 
K. M. in 

(tics. 17= 

1£= 

15 Us.) 



Ganges canal 


437 


Lower Ganges canal 


557 


Orissa canal 


252 


Sone canal 


367 


liari Doab canal 


362 


Sirhind canal 


542 


Sidhnai canal 


58 



Agra canal 
Midnapore canal 



109 
72 



6-800 
5-100 
6-058 
5-955 
4-000 
3040 
1-500 
1-500 
1-400 



38-163 
30-246 
36-642 
27-976 
26-090 
32-706 

5-962 
40-309 

48-828 



193 

145 

172 

169 

113 

109 

43 

43 

40 



26 867 


21.293 


25-796 


19-695 


18-367 


23-025 


4-197 


28-378 



34-375 



Witii regard to distributaries the highest figure Buckley states (p. 254) is 
Rs. 4.500 per- mile for discharge capacities of more than 1,500 c. ft. per sec, i. e. 
about tics. 3,200 per K. -M. for capacities of more than about 5 M.^ per sec. 
[ sufficient for about 35,000 rais of paddy land. ] 

These figui'es are the actual cost of the canals, as Buckley states, the 
accessory expenditure on establishments, tools, surveys, supervision etc. not included. 

For this accessory expenditure Buckley estimates 25 % of the actual cost. 

A comparison of the above figures with the amount I reckoned per K. M. 
[tics. 200,000 for the upstream parts, and tic. 90,000, 80,000 and 70,000 for the 
downstream parts of the main canals and of tics 8,000 for the main distributaries J 
makes my estimate seem rather exaggerated. 
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Though I have the conviction that my figures are a good deal on the safe 
side, there is however no question of an enormous exaggeration, as the following 
considerations will show. 

In consequence of the peculiar deltaic form of the area concerned and because 
the capacity is based on rice cultivation only, the main canals will be comparatively 
of, a much shorter mileage than is the case with canals of the same capacity at head 
in long valleys where only a part of the fields are under rice crop, as most of the 
mentioned canals are ; moreover the main canals here not do devide into main 
branches, as is often the case in connection with the configuration of the country. 

Therefore the main canals are very expensive per unity of length, as the 
average capacity and size is very great, in comparison with valley canals which 
have the same capacity at head but a much greater mileage. 

With the distributaries the same is the case. 

Further the distributary sluices will as a rule be provided with navigation 
locks or arrangements, which makes them much more expensive than in the case 
of the Indian canals, where navigation arrangements are rare. 

Finally it is taken into account that wnges are high in Siam and that a great 
part of the materials must be transported over considerable distances. 

On the contrary however, in Siam expropriation of land will not be expensive ; 
the clayey soil appears to be not very difficult in handling as the expeiience of 
the Rangsit Canal Company has proved ; only a very small number of bridges have 
to be made, as roads and railways are scarce ; moreover the canals cross very 
few drainage channels, which will not interfere in an expensive way with the system 
as a whole. 

The estimate of the cost of the weir nnd other headworks, is also strono-ly 
on the safe side, compared with the cost of similar constructions in other countries. 

With regard to the head works it may still be observed that the river carries 
very good quartz sand, that, there are quartzite hills in the immediate vicinity and 
that lime can be brought up by boats'from the lime stone quarries near the Pasak river 
so that nearly all the materials can be obtained in the countiy and at a niodeiMte cost 

The above statement about the probable cost of the supply system also 
considers the possibility of the Government desiring, from financial consideration 
to execute the works provisionally at about half the proposed capacity, with the 
to enlarge them successively, and use the revenue derived from the provisional 
works for that purpose. 

Tills idea will afterwards be treated more amply. 



s, 
aim 
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' Improoement The difficulties of drainage are concentrated in the lowest tracts of land 

between the main rivers, where gathers all the drainage water of the higher 
situated regions. 

Though drainage, as has been explained, in Lower Siam is not the first 
improvement to be applied, the want of proper drainage will be felt before long, 
as soon as the now predominating want of supply is provided for. People in the 
lower tracts then soon will become aware of the advantages of proper drainage, by 
the experiences ia the higher regions. The requirements of drainage therefore 
ought to be kept ia sight coatiaually when planning and executing the supply 
system, in order to make the whole system in accordance with its final aim : 
to form a thoroughly adequate irrigation and drainage system ; the former 
achievement being impossible, without the latter. 

As long, however, as the supply is not yet in operation, drainage works- 
would damage people, by depriving them of the little water they have, instead of 
benefitting them ; therefore it is not necessary to take up the drainage improvements 
before the supply is chiefly provided for ; but the preliminary work, i. e. observations, 
surveying and the general planning of the drainage system, of course must be 
combined with the supply scheme. 

Some drainage improvements of very direct urgency, as the construction of 
a tidal sluice at Bang Heer, are connected with the scheme of improvement of the 
existing klongs. 

Gradual and partial improvement of drainage seems to be the most advis- 
able way in the present case. 

This manner of improvement will consist in gradually lowering the high- 
water-level in tiie rainy season in the lower tr;icts between the main rivers, l)y 
interconnecting, widening and improving the drainage channels, separating them 
from the supply system and, where necessary, providing them with tidal sluices. 

Every lowering of the level of, for instance '/b of a M., will prevent strips 
of land from being flooded in the ordinary Held to field way and will bring them 
into regular irrigation. 

For this purpose rice field embankments ( tamnop nah ) are of course 
required, to be able to retain the water on the parcels at the depth most desirable. 

If people wouldnot like immediately to make regular field embankments forevery 
separate parcel, then they could take, to be^nn with, to a kind of basin system, somewhat 
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similar to those employed in Egypt, by making small embankments for the whole of 
e^ery strip of land, that is excluded from the ordinary inundation by any gradual 
lowering of the drainage level in the locality concerned. They then could irrigate 
such a whole strip at once in the wide spread field to field way. 

The whole regularly flooded lowest tracts between the main rivers would in 
this way become divided in loiig and narrow basins, consisting of strips of land of 
about the same level, enclosed within small, chiefly almost parallel embankments. 
Every basin would then have a seperate level, which is the same over its whole 
extent, but which can be lowered or raised as appears most desirable, quite 
independently from the water level of adjacent basins. 

It may certainly be expected that in a comparaiively short space of time 
such basins would be gradually converted into parcels, and the basin embankments 
converted, from paths, which they would be at the commencement, into practicable 
roads. 

As ali'eady mentioned, the construction of drainage works will be accompanied 
by an extension and enlargement of ihe system of distributaries and subdistributaries 
for supply for paddy cultivation in the lower tracts concerned. 

Construction and improvement of embankments against occasional very Jiigh 
sea and river floods, where the embankments of the supply canals do not fulfill this 
function, may be considered as to belong also to the drainage works. 

When the general supply system is in opei'alion, a part of the annual 
revenue derived from it should be destined for improvements of drainage, and 
extension of the distributary system connected therewith. 

In a period of a decade and at the rate a million ticals a year or so, the 
piincipal woi'ks easily may be expected to be entirely finished. 

However the works can scarcely never be considered as to be finished for 
good, because a thoroughly adequate irrigation and drainage system always will be 
in course of extension and improvement in a progressing country. 

For the system, as it developes, tends to dovelope agriculture by extension of 
the cultivated area, and by intensifying cultivation, where extension is limited. 
Development of agriculture, however, requires new extensions of the system and so 
reciprocal action will always leave a good d(;al of work to be done. 



Obseroations While the most directly required and most paying works in behalf of the 

oSiersehemes!" ^°'^'"' ''''^"'^"^ ^''"" ^^^ ^" prepai'ation and execution, the possibilities with regard 
to the rest of the country ought of course also to be kept in sight. 
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To be able to consider and to decide upon the possibility of drawing off 
a greater quantity of water from the great Menani on behalf of farther extension 
of the cultivated area in the Lower Menam Valley, or upon taking off water from 
the principal tributaries on behalf of the upper Menam plain, will require permanent 
investigations as to the discharge of the Menam and of the principal tributaries. 

To judge the extent that can be given to future irrigation systems fed by 
the Meklong, Pasak, Bangpakong and Nakon Nayok rivers requires also regular 
investigations in regard to the discharge of these rivers. 

For future drainage schemes, regular observations in adequate places, as to 
the (seasonal and tidal) rise and fall of the rivers and the sea are necessary, by 
gauges that refer to a common level ; the records without this being of little or no use. 

To consider the necessity and the utility of irrigation and to judge the 
requirements of adequate drainage, regular rain gauge observations are indispensable. 

For scientific study of the discharge of the rivers, the rain gauge observa- 
tions must also be extended to the catchment areas of the rivers. 

Experinients as to the quantity of water required for irrigation of different 
crops and under different conditions have to be performed to be able to base future 
plans on local data and records on the subject. 

All these observations, as far as they; are not yet recorded, should be started 
as soon as possible, because the principal function of tlieir value, next to expert 
arrangement and control, is the number of years they have lasted. 

The observations already made have to be performed more systematically 
according to fixed rules, and are to be regularly recorded under technical control, 
to further the regularity and accuracy of the observations and to find and redress 
faults and mistakes or, at least to prevent continuation of thein. 

The rain gauge observations, as they are now made, have to be efficiently 
extended and would become perfectly reliable in this way/ 

The river gauge and tide gauge observations now performed, are of no value 
foi technical purposes, because of their total lack of regularity and system. 

A number of suitable river gauges at adequate places have therefore to be 
estabiislied. 

Most of the observations of river gauges could best be made at the 
gendarmerie-stations along, the rivers, as most of these are situated quite suitably 
for the purpose, and the organisation of the gendarmerie in itself is an efficient 
guarantee for regular and due performance of the observations. 
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Performing discharge determinations of rivers requires pi-evious training for 
the purpose and takes much time, so that it will require separate men. 

It will be obvious that making, organizing, controlling and recording of these 
observations is an indispensable subdivision of a regular irrigation service. 



Staff and sur- 
veying expen- 
diture. 



The preparation, the planning and the execution of the works mentioned 
above, will of course require a staff of experts, engineei's and other officials, and 
moreover the planning of the works and the observations and the surveying 
precursory to the planning will require considerable expenditure, as stated herebelow. 

ESTIMATE OF EXPENDITURE FOR STAFF AND SURVEYING. 





Average 


Staff 
to start with. 


iStaff 
when works are in full 




total of the 

pay and 

allowances 






swins;. 




Function of the officials. 


Number 


Annual 


Number 


Annual 




together 


of the 


amount 


of the 


amount 




per month. 


officials. 


of money. 


officials. 


of money. 


Director General 


Tics. 2,200 


1 


Tics. 26,400 


1 


Tics 


26,400 


Chief Engineer 














or Assistant Director 


„ 1,500 


— 





1 




18,000 


Superintending 














Engineers 


„ 1,200 


2 


„ 28,800 


5 




72,000 


Executive and 














Assistant Engineers 


700 


5 


„ 42,000 


10 


J) 


84,000 


Overseers 


250 


4 


„ 12,000 


20 


J) 


60,000 


Assistant Overseers 


100 


2 


„ 3,400 


10 


)J 


12,000 


Surveyors 
Secretary Chief 


80 


15 


„ 14,400 


30 


» 


28,000 


Accountant 


600 


— 


— 


1 


»J 


7,200 


Accountant-Translator 


300 


1 


3,600 


6 


JJ 


21,600 


Draughtsmen 


100 


6 


„ 7,200 


16 


» 


19,200 


Clerks 

Office boys and 


40 


8 


3,840 


20 


)) 


99,600 


Messejigers 


25 


5 


„ ],500 


10 


J9 


3,000 


Total staff 


Tics. 142,140 


Tics. 


361,800 


Travelling expenses 






„ 25,000 




}) 


50,000 


Survey expenses ; 














Instruments, utensils, etc. 
Coolie wages, etc. 






„ 20,000 
„ 25,000 






5,000 
40,000 


Miscellaneous expenses 














( boats, stationer}', 














office furnitures, etc. ) 






„ 37,860 


... 


)> 


43,200 


Total staff and surveying - 






Tics. 250,000 


... 


Tics. 


500,000 
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In the above table are stated the numbers of the officials and the expenditure 
on staff and on surveying and other preliminary work ( the tical reckoned at 17 to 
the pound sterling] as considered necessary to start with, and further the staff 
and the expenditure on surveying etc., as, by gradual increments will be required 
v'hen the execution of the works is in full swing. Further particulars concerning 
the staff, etc, will be treated afterward. 

The pay is considered to be the total amount, all kinds of allowances, 
except for travelling, included, which the officials on an average will receive. 

The salaries and furtlier allowancees of the officials are counted in principaT 
on a similar footing as those of the officials of the Royal Railway Department. 

The technical education of the Irrigation Engineers is of the same standard 
as of the Railway Engineers and for tropical irrigation, still more than for railways, 
special expert training and experience are required. 

It is consequently of the greatest importance, especially in irrigation works,- 
to engage the best expert men that can be obtained, the more because every 
irrigation plan is, still more than for instance a railway plan, an independent question 
in itself, one that' requires an independent adequate solution; and it is still more 
difficult for non-experts to judge of the technical efficiency of an irrigation, than 
of a railway scheme, so that in matters of irrigation the non-expert Government 
depends to a still higher degree on the ability of the expert officials. 

It is therefore certainly justifable to put the pay of the irrigation officials 
on about the same footing as of these of the Railway Department. 



inual financial The execution of the works proposed will require expenditure ( i ) on account 

fquiremsnts. ^^^ improvement of the klong already in existence [see p. HI ], ( 2 ) on account of the 

execution of the supply scheme [seep. 115] and ( 3 ) on account of the staff, and 

of the surveying and planning, precursory to the execution of the works (see p. 112) 

The sums of money annually to be employed will bo small in the first 
years, because sui'veying, obsei'vations and further preliminary work previousto the 
planning and the planning itself will require a long period of time. 

The works to improve the existing klongs in the lowest part of the Menam 
plain, however, can be commenced very soon, though a great part of the first 
year will be required for recruiting the staff and for surveying and planning, so 
that it certainly not will be possible to employ more than ^2 million of ticals in 
the first year, which amount is partly to be spent on one or two canal dredgers. 
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When in the second year and afterwards annually an amount of 1 million, 
ticals can.be disposed of for improvement of the Idongs, then these improvements 
may be finished in the fifth year. 

As these improvement certainly will pay at once, the annual sum to be 
spent, will soon be counterbalanced by an increasing amount of revenue. 

"With regard to the supply scheme the first year will be passed in recruiting 
the staff, and further in surveying, levelling and other preparatory works, and, above 
the expenditure on staff and surveying, no amount of money of any importance 
will be required for the supply scheme in the first year. 

During the second year the preparatory work will be continued and as far 
as possible the definite plans for the weir, the headsluices and the upstream parts 
of the canals will be designed ; further, stone and other matei'ials can be gathered 
and machinery for the work can be planned and ordered ; but the whole expenditure 
on account of construction in the second year, in all probability, can amount not 
higher than to one million ticals. 

Tlie third year, it will easily be possible to employ up to 2 or 3 million 
ticals and in thie following years 4 or 5 millions of ticals may be required, to have 
the work steadily in good pi'ogress. 

I presume in the fifth or sixth year the weir and dam, the headsluices and 
the canals connecting tiie Menam Nawi and the klong Makamtau witii the head- 
sluices can be finished and these channels can be so far improved, that the supply 
can commence. 

By this time the work will begin to produce returtis, and the money still 
to be spent will be counterbalanced to an inci-easing degi'ee by the revenue to be 
derived from watersupply and boat traffic. 

In the fifth or sixth V3ar most likely also the upstream parts of the left bank 

main canal and the improvements of the Lopburi klong and river can be finished so 

far as to provide the Lopburi-Ayuthia region witli regular supply, at least when the 

new canal is constructed provisionally to the dimensions required for that purpose 

only. This would inci'ease the revenue derived from the works very considerably. 

Most efforts will then be concentrated on the lower parts of the lio-ht and 
left bank main canals and on the Supan canal and the main distributaries. 

In proportion as these works become finished, the extent of the area supplied, 
and also the revenue derived from watersupply and boat traffic, will increase. 

Within about 12 yeares, in all probability, the whole supply system may be 
completed and in operation to the full capacity require-p 
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The following table may give a rough forecast of a programme ■ concerning 
the probable financial requirements during the first 6 years of carrying out the 
improvements of the klongs already in existence and the construction' of the 
supply system. 







Staff and 
surveying. 


Improvement 
existing klongs. 


Construction 
supply, system. 


Total 
per year. 


1st. 


year - 


Ties. 


250.000 


Tics. 


500.000 


Tics 


— 


Tics. 750.000 


2nd. 


>j 




300.000 




1.000.000 




1.000.000 


„ 2.300.000 


3rd. 


)) 


„ 


400.000 




1.000.000 




8.000.000 


„ 4.400.000 


4th. 


)» 




500.000 




1.000.000 




4.000.000 


„ 5.500.000 


5th. 


») 


- 


500.000 




1.000.000 




4.000.000 


„ 5.500.000 


6th. 


It 


„ 


500.000 




— 




5.000.000 


„ 5.500.000 



In the first year the staff is to be recruited and probably will not be complete 
the whole year over, in consequence of which the sum to be spent most likely will 
be lower than the amount estimated for a full year. 

In the 7th and following years, works may go On on the same footing as in 
the 6th year, until the whole supply system is finished. 

If annually a greater sum than 5 million ticals should be available for the 
construction of the works, the work could go forward quicker, and be finished 
perhaps a couple of years earlier. 

If the money available be less, then of coui'se the progress of the work will 
be slower and the completion will take, a longer period of time. 

After completion, the supply system will only require expenses for manage- 
ment and upkeep and for gradual construction of adequate drainage works. 

The o-reatei- part of the staff then can be transferred, to carry out the 
smaller schemes mentioned, which can be investigated and prepared amply during 
tile execution of the great Menam system. 

In the last years of tlie time of consti'uction, the expenditure on the great 
Menam system will already be balanced for a gi'ent part by the revenue derived from 
it; and when the supply system is finished, further expenses for irrigation and 
drainage purposes certainly can be drawn entirely from the net revenue on irrigation. 



Reduced 
Ciapaciti). 



Should the amount of money required to carry out the supply scheme to 
its full extent in the period mentioned of about 12 years, exceed the sum the 
Government would be able to spend on the purpose, then it would not be impossible 
to lessen the original outlay considerably by provisionally reducing, the capacity of 
the works. 
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In; this case a provisional reduction of the dimensions of the upstream 
part of the left bank main canal and also of the downstream parts of both 
the right and left bank main canals, to about half the proposed capacity, and 
further omitting provisionally the Supan main canal comes first in. view. 

The supply in the rainy season would then not be quite what it should be, 
but nevertheless a great improvement would have been achieved, the quantity 
supplied being still equivalent to a monthly rainfall of ]3 c. m., i. e. about ^,3 of the 
actual average of the monthly rainfall in the three most rainy months of the year. 

In the dry season the supply would be quite the same and of the same 
utility, (except of course in the case of the omitted Supan main cannal) as when 
the system was executed at once in its entirety. 

The extension and completion of the work could then be defrayed by the 
revenue derived from the system in its condition of provisional execution. 

In case the works are executed provisionally at reduced capacity and 
finished in the same period of about 12 years, then the sum annualiy to be spent 
on construction may be less by 2 millions, and reduced to about 3 milliim ticals 
during the time the execution of the works is in full swing. 

The total expenditure on the system when finally complete at full capacity 
will however grow higher in the case of a provisional execution on a reduced scale, 
because the annual expenditure on account of the staff and sui'veying will be nearly 
the same, whether the works are executed at full or at reduced capacitv, and will 
be required for a much longer number of years, whilst the enlarging of the 
provisional system will require an extra expenditui'e above the total amount of the 
previous savings on the works. 

Hy keeping, where necessary, full account of the future enlargement during 
the provisional execution, the extra expenditure on the enlai'gement may be reduced 
considerably; this however would tend to raise the cost of the provisional execution 
because some parts of the works then ought to be made at once at full capacitv 

The profits of the supply for lice gi'owing will, by execution at reduced 
capacity and at a smaller annual rate, not be obtained earlier tiian in case of 
execution at full, capacity, and will besides not be enjoyed to their full proportion 
and to the full extent of the area ; and therefore the benefit and revenue of course 
will be smaller.' 

But nevertheless the profits would certainly be of such importance as to 
justify imposing of watertaxes on rice growing in the regions concerned, whilst 
the revenue- from water rates for dry season crops and the tolls and lock dues 
would be almost the same in the I'egions under command. 
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Revenue on account of extension of the area under cultivation of course 
scarcely may be reckoned up in case of execution on a reduced scale. 

The net revenue derivable from the system at reduced capacity, will hower 
most probably be more than sufficient to provide annually about 2 or 3 million 
ticals for successive enlargement and completion of the system to its full capacity, 
and so open the way for extension of the arable area and improvement of drainage. 

In general however, execution of the system at a reduced capacity appears 
to be nut advantageous to the financial interests of the Government and will not be 
advisable, unless the State budget absolutely demands the curtailment of the annual 
amount to be spent, to about 2 millions of ticals less than the sums before mentioned 
(p. 125.) 

A partial curtailment of annual expenditure could be effected by omitting 
provisionally the Supan main canal, which canal, and its distributaries, however, 
in all probability will prove very profitable by sale of land. 

Provisional reduction of the capacity, in order to reduce the annual sum 
of money to be spent, is a measure that of course always can be resolved upon 
during the time of construction, when circumstances make it necessary to do so. 



The only real advantage possibly connected with execution at reduced 
capacity would be, that the system could be provisionally finished and the supply 
i-ealised some years earlier and profits ( though as regards rice growing not to 
their full proportion ) could be enjoyed earlier also. 

This would be in the first place of great importance with regard to supply 
of drinking water in the dry season. 

Though herewith the system would provide in the most stringent want, 
scarcely any revenue I'eturn may be expected on that account; from a financial 
and economical points of view, the sanitary side of the matter therefore, is not the 
first point to be taken into consideration ; but if nevertheless this side should 
particularly be attended to, then it would be advisable to construct provisionally 
canals of the capacity of dry season supply only. 

In all probability it would not be very difficult to have such canals in 
workable condition at the time the weir and headworks can be finished, say in about 
5 or 6 years. The supply at dry season capacity could then begin at once and the 
works could afterwards gradually be enlarged and completed. 

In case reduction of the capacity is resolved upon to accelerate the 
completion of the dry season supply, the annual rate of expenses should of course 
not be less than by exer-ution at full capacity. 
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VI. 

MANAGEMENT, UPKEEP AND REVENUE. 



The management and upkeep of an irrigation and drainage system, is quite 
as important as is tiie construction, because the results of the system are to a 
great extent dependant on them. 

As long as no artificial means exist to regulate the supply and the retension 
of the water, there is no question of management, because all manages itself, as 
every one interested has to take the matter as good or bad chance may serve. 

As soon however as there are any artificial means tending to improve the 
situation, the question arises how to use these means and different interests will 
try to do the best for themselves. 

These different interests show themselves in all directions. 

For instance, navigation prefers always a high and uninterrupted level, 
whilst paddy growing v^ill require a level according to the height of the lands, 
i. e. an interrupted level in some cases, and in the time of harvest tlie cultivators 
in general will prefer a fairly low level. 

"When the level is uninteiTupted over a long reach, in the case of ordinary 
flooding or wide spread field to field irrigation, the interests of the paddy growers 
will differ too. The men interested in the lowest lands will not want the level 
required for the highest lands. The requirements of the men who have to harvest 
are quite contrary to those of the men whose paddy is still in full growth. 

The men whose paddy is partly mature, partly still growing will in a rainy 
period require a low level in behalf of the ripe paddy and in a dry one a hio-h level 
in behalf of the still growing crop. 

These examples show that the management of the level in a single klono- 
reach is already a matter that requires great care and consideration ; and at the 
same time that an elaborate system of works by which both the supply and the 
drainage can be commanded quite at will for every part of the area concerned, will 
be of great utility to meet every occasional want, by the possibility of which the 
total results of the whole crop would be greatly benefited. 

Still more care and consideration is, of course, required when a limited 
quantity of water is to be distributed over a great extent of land. 
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But not only care and oonsideration is re^quired, but also ability to consider 
the demands and requirements from a hydrotechnical as well as from an 
agricultural point of view; for not only the momentary interests of the cultivators 
have to be considered, but also the requirements on behalf of the upkeep of the 
whole system. This last general interest, as representing a most important agent 
in the production of the nation, may in many cases appear more important than 
some temporary individual interests. 

The management is most closely connected with the upkeep of the works. 
Unskillful mnnfigement of headsluices for instance may hinder the upkeep by causing 
obstructing deposits of sand in the main canals; may endanger the canals by over- 
charging them and so on as well as damage the crop by causing untimely inunda- 
tions etc. 

It needs no further explanation to show that the management and upkeep 
of irrigation and drainage works has to be in the hands of expert technical men, 
while at the same time, the interested cultivators ought to have every opportunity 
of making known their wants and requirements. 

The most advisable way in the matter of management therefore 'seems to 
be, to put the general management and supei-vision of the entire system in hands of 
an expert official of the Government, assisted by expert assistants and to give the 
cultivators as much influence as possible in the local management. 

The management of the irrigation works will commence as soon as any 
artificial means to regulate the water exist, i. e. as soon as a single set of locks 
are ready. 

The direction of the management them must, as mentioned, be held by an 
expei't Government official ; but to be sure that the requirements of the interested 
cultivators are duly taken into account,- for every separate klong, as soon as it is 
provided wit,h locks, election or nomination, from among the cultivators or landowners 
and officials, of a committee to advise the directing irrigation official seems to be 
desirable. 

As long as only locks exist and there is no regular supply, the management 
only regards the level to be maintained ; but as soon as supply is secured, the 
principal Iclongs will assume the character of distributaries, and then the subdistribu- 
tion of the supply over the subdistributaries or minor klong will become also a 
matter of care to the committee for each principal klong. 

The raising of the water level in the minor klongs, when the supply is 
increasing at the beginning of the rainy season, will be a matter of special interest, 
as long as in the lowest lands adequate drainage is still wanting and the system of 
subdistributaries is little elaborate, so that these parts still must be irrigated in the 
wide spread field to field way or by ordinary flooding.. 
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Successive labouring, of the fields, to begin with the lowest, then will be 
necessary in these tracts and require successive raising of the level. 

The redistribution in the ranges of the subdistributaries or minor klongs is 
also a matter of considerable, though local interest and it seems to be advisable to 
try to have this matter arranged as much as possible by local Idong committees, 
elected or nominated from among the cultivators and local officials, under supervision, 
of course, of the expert Government officials and the principal klong committees. 

These minor klong committees w^ould also have to take charge, under the 
supervision mentioned, of the construction aud upkeep of the works concerning 
their range and be empowered to receive a certain klong due from the cultivators 
concerned for that purpose. 

To meet the expenses of big improvements which would be too great to 
be paid in one year, the Government should perhaps arrange to lend the jB&mej 
required to the local committees, to be repaid, with interest, by instalments. 

The supervision of the expert Government officials and the principal co-m- 
mittees has to prevent the local committees from doing or leaving undone such 
things as would damage or imperil the intei'ests of other parties. 

Such arrangements would not only free the Government from the expenses 
on construction and upkeep of the works of smaller importance, but also from the 
daily care of innumerable smaller interests, attention to which would require a 
number of officials, who would perhaps never get so well acquainted with the local 
requirements as the local committees themselves. 

The Government, as proposed, would construct and maintain the main supply 
canals, the distributaries (principal klongs), and the head works of the subdistri- 
butaries, (minor klongs), and would of course decide what smaller canals are to 
be considered as minor klongs. 

In drainage matters a similar division should of course be made. 

According to what I saw on my travels in the Lower Menam Valley, it 
appears to me that it undoubtedly may be expected that the Siamese cultivator, 
who fortunately is not in subjection to powerful village chiefs, has sufficient 
independence and ideas of his interests, to make committees, as suggested, a success. 

Moreover, cooperation by subscribing money or contributing labour to 
purposes of public interest, is customary all over the country. 

The fact that landed property is individual in Slam and communal lands 
do not exist, will facilitate the mattsr, as every one now will share directly in the 
benefit obtained by common efforts. 
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Cost of manage- Due maintenaTice of'the system is of the highest importance, to prevent 

, it from decaying, and to have it producing its full results. 

The maintenance, as explained is closely connected with the management; 
both functions naturally have to be fulfilled by the same staff of officials, both on 
behalf of the works and to save expenditure on both accounts. 

The upkeep will consist of :— 

( 1 ) Excavating, by dredgers, those parts of the canals where the current is 

slowest and silt is deposited, for instance in the branches necessary for 
navigation only ; 

( 2 ) Annual repairs of the banks of the main canals and main distributaries ; 

(3) Annual repairs of the weir, the headsluices, the escapes, the main and. 
subdistributary sluices, the navigation locks the tidesluices, bridges, etc. 

The staff of officials, required for the supervision of the distribution of 
the supply and for the upkeep of the whole system, the existing klongs included, 
may here be considered firstly. 

This staff may be estimated to consist of:— [per year]. 

1 Superintending Engineer, in charge, pay tics. 1,200 

per month Tics 14.400 

3 Executive Engineers, one for each main-canal-area, 

average pay tics. 800 per month „ 28.800 

2 Assistant Engineers, one for the headworks and one for 
the office of the Superintending Engineer, average pay 

ties. 500 per month " 1'2.000 

12 Overseers, average pay tics. 250 per month ----- „ 36.000 

4 Accountant-recordkeepers, average pay tics. 300 per month „ 14.400 
50 Chief guards average pay tics. 50 per month - - - „ 30.000 

300 Canal ; sluice ; lock ; and tollguards, etc. average pay tics. 

,, „ 108.000 

30 per month 

4 Draiightmen, average pay tics. 100 per month - - - '„ 4.800 

5 Surveyors, average pay tics. 80 per month ., 4.800 

^, , 40 „ 7.200 

15 Clerks, „ „ » ^^ " 

Stationary, office boys, etc. " lO-^OO 

Survey expenses " 10-000 

Travelling expenses and field allowances „_^^mo 

Total ticals 29p.400 
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Brought forward - • tics. 295.400 
For handling the weir and 3 the headsluices 40 coolies. 
„ „ 50 navigation locks and sluices 250 

„ „ 30 main distributary sluices - 60 

Total 350 coolies. 

at tics. 20 per month and per head, total „ 84.000 
Allowances, for handling about 300 subdistributary sluices, 
to men living in the vicinity thereof, average tics. 10 

per month and per sluice ,, 36.000 

Miscellaneous expenses „ 14.600 

Tota;l ticals 430.000 

The expenditure on maintenance of the klongs already in existence ( see p. 
Ill ) can be estimated as follows: — 

For excavation of silt, 1 dredger, worlcing expense tics. 

3,000 per month Tics. 36.000 

For annual repairs of the banks etc. of about 600 K. M. 

klongs, on an average at tics. 50 per K. M. and per. year „ 30.000 

For maintenance of about 20 locks „ 20.000 

For miscellaneous works „ 14.000 

Total ticals mcj.ooo 

The expenditure on maintenance of the new supply system can be 
estimated as follows : — 

For excavation of silt, 2 dredgers, working expenses 

tics. 3,000 per month Tics 72.000 

For annual repairs of the banks etc. of about 600 K. M. 

main canals at tics. 100 per K. M. and per year - - „ 60.000 

For annual repairs of the banks etc. of about 600 K. M. 

new main distributaries at tics. 50 per K. M. and per year „ 30.000 

For maintenance of the weir and head sluices - - . ^_ 40.000 

„ „ about 30 navigation locks and sluices „ 30.000 

.. ,. ,. „ 30 main distributary sluices „ 30.000 

., . „ ,, „ „ 300 subdistributary sluices „ so.ooo 

For miscellaneous works _ 28 OOO 

Total ticals 320.000 

The total annual expenditure on management and upkeep summed up 
thus ' amounts to :— 
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Staff and coolies for management and upkeep - - . . Tics. 430.000 

Expenditure on maintenance of the existing Idongs - - „ loo.ooo 

.) .. ,.' .. » supply system - - „ 320.000 

Total on management and upkeep - - - ticals 850.000 

If now the whole system be credited with, one million ticals a year for 

management and maintenance, a sum of ticals 150.000 would be available for 

new dredgers, gross repairs and improvements etc. 

Financial mi^g expenditure on the improvement of the existing klongs can be considered 

returns of the 
supply system, ^.s to pay sufficiently in consequence of the revenue derived from navigation, as 

may be concluded from what was stated in this respect (see p. ill). 

The supply system therefore will be considered separately with regard to 
the probable financial results. 

The benefits of the supply system for every part of the area concerned are 
at once enjoyed, as soon as the supply is established ; therefore it is quite 
equitable and fair that the cultivators who are t)enefited by the supply, should also 
at once pay for it, in order to return to the Government a proper interest on the 
expenditure incuri'ed on their behalf, ( rouglily estimated at about 47 million ticals, 
exclusive of th^ expenses on staff and surveying ) and to defray the expenses of 
upkeep and management of the system, for which purpose, as mentioned, an amount 
of 1 million ticals a year must be considered as amply sufficient. 

When the weir and the headsluices and the short cuts to connect tiie 
headsluices with the Menam Nawi and the klong Makamtau are finished and the 
existing channels are improved, already a great area is benefited and could be 
called upon to pay. 

As soon as the upstream part of the left hank main canal is finished as 
far as to be able to provide the supply required for the Lopburi klong and river, 
new extensive regi(nis are benefited and might be taxed and so on. 

When the main supply works are entirely finished, the cultivated area 
under command will be about 4V2 million rais and a water tax of one tical a rai, 
which certainly may be considered as fairly light in camparison with the profit 
the cultivators will obtain, would amount to a revenue of 4V, million ticals. 

In the area uuder command of the irrigation works in the Madras Presidency, 

here rice is also alsmost the only crop and circumstances, with regard and 

"riculture appear to be similar m many points to those in Lower Siam, an average 

Itertaxof 3.3 rupees per acre is paid, (l^uckley p. 284) which is equivalent to 

about 1^/B ticals per rai, according to the rate of exchange of tics. 17=1 £=Rs. 15. 
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In Java, the water tax is mixed up witii the land tax. The landtax paid 
for non-irrigated lands is there generally about 1 tical per rai ( fl. 3.00 per bouw ). 
and for well- irrigated lands about 3 to 4 ticals per rai (fl. 8 to fl. 12. per bouw). 
The difference of 2 to 8 ticals per rai may chiefly be considered as an equivalent 
of the water tax. 

A water tax of I tical a rai therefore will appear to be very moderate, the 
more as taxes in general are very light in Slam (see footnote p. 80) compared with 
other Asiatic countries. In the case of the Siamese cultivator, moreover, tax paving 
Is by no means the same as sparing necessary food. For, the great extent of land 
they generally work, enables ttie Siamese cultivators to satisfy their wants very 
largely. 

An extension of the arable fields with about 20 °/o of the present area or 
about 1 million rais, will most likely be arrived at within a few years after the 
completion of the system and such an extension in all probability would meet no 
difficulties in regard to the proposed capacity of the canals, even when an elaborate 
drainage system is achieved. 

This extension, which, of course, in the parts of the area furthest upstream 
will be most considerable and is likely to commence as soon as the upstream 
parts enjoy the supply, would increase the annual irrigation revenue with another 
million ticals, or with nearly 1V2 million, when putting the amount of land tax 
and water tax both to the credit of the irrigation works, as being the chief cause, 
by which the extension is rendered possible, except in the klong Rangslt region. 

Water rates for the use of irrigation water for second crop and for garden 
cultivation in the dry season could be a matter of consideration. 

Further a very considerable amount of revenue may be expected from 
navigation tolls and lock fees in the new canals, the length of the new canals 
(about 1,200 K. M. ) and the enormous inland boat traffic taken into consideration. 

For 40 collecting places, (locks and sluices), each on an average passed 
by 150 paying boats per day, \v':uch piy on an average a fee of V2 tical, the 
annual amount would already exceed 1 million of ticals. 

Besides by this direct revenue, the Government would profit also in a fairly 
direct way by the inci-ease of the export of rice [ duty and fees about tics. 3 per ton or 
tic. "/ei pet- picul ] * and paddy and further by general increase of nearly all other 
headings of revenue in consequence of the crop beiig greiter ani ra:)re reo-ular. 



* The tical has a silver value of 0.60 Mexican dollar and is equal to 8 iuan^ each 
worth Satt; thus 1 att =tic. '/ei- 
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• To estimate the average increase of export of rice on account of the area 
ah'eady under cultivation at 4 million piculs and on account of extension of 
cultivated area at 2 million piculs, is certainly no exaggeration and this would 
already enhance the export duties and fees by more than l million ticals. 

The revenue from water taxes, and on extension of cultivated area, tolls 
and lock fees and increase of rice export together ( revenue from dry season supply 
not taken in account) might thus easily amount to about 8 million ticals a year. 

This revenue, cost of upkeep and management ( 1 million ticals ) deducted, 
certainly would be more than sufficient to pay a good interest and redemption on 
the orio-inal outlay, and moreover leave a million ticals or so per year for accomplish- 
ing the drainage works. 

It may therefore be considered, as beyond doubt that the expenditure on 
the supply scheme will prove to be of the greatest profit, not only on behalf of the 
people ( the consideration that in a good year the export of rice represents a value 
of about 50 million ticals more than in a bad year (see p". 34), shows this most 
strikingly with a single figure ) ; but that for the Governmeut this expenditure also 
will be a most profitable investment. 

Over and above the annual revenue, the Government will recover directly 
a considerable part of the outlay by sale (or rent) of land. 

Uncultivated land in Siam is all property of the State and so the sale of 
the land, rendered more accessable ai.d fit for cultivation by the canals, will be of 
great importance. 

An extension of cultivated area of about 20 "/o or nearly l million rais, as 
is considered to be possible with regard to the capacity of the works, certainly 
may be expected with in little delay. 

In all probability a great part of this extension will already be attained 
before the irrigation system can come into full operation, as an extension of about 
400,000 rai .can be expected in the klong Rangs.t area alone ( see p. S2 ). 

If, however, the extension directly in consequence of the supply system, does 
not exceed half a nullion rais, then, by selling the land at ticals 30 a rai only, the 
Government would recover at once 15 million ticals of the outlay on the works. 

If a further extension of cultivated area in the course of time might require 
enlarging of the irrigation system, then the expenditure thereon will most likely be 
refunded, at once with great profit, by the revenue derived from sale of land only, 
us will be easily understood. 
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VII. 

ORGANISATION OF THE vSERVICE. 



To prepare, construct ( and manage ) 'irrigation and drainage works will 
require an organisation, in accordance with the scheme of executing the works and 
on lines as will be indicated here below : 



Separate De- l. A Boyal Irrigation Department is to he established under the Ministry of 

partment. 

Agriculture, on a similar footing as the Royal Baihvay Department under the Ministry 
of Public Works. 



In the foregoing parts of this Report, I have demonstrated that irrigation 
and drainage worlcs are matters of the highest importance to the Kingdom <d Siam 
for the furtherance of increase of production and common welfare and for the 
improvement of sanitation and communication. 

From the importance of the matter for the common welfare it must be 
concluded that irrigation and drainage works also are of great weight to the 
Goyernment ; therefore it is a matter of course that in a progressive country with a 
very centralized Government like Siam, the State not only has to occupy itself 
seriously in the matter, but has to take the initiative. 

As irrigation and drainage, including the management of the same, provide 
for a lasting and not for a temporary i\'ant, thev I'equire not only occasionally, 
when some accident or adversity happens, but permanently the interest and care 
of the Government. Therefore, and because measures taken at random in this 
matter, still more than in many other cases, are of a veiy temporary nature and, 
in proportion to the expenses, of very small utility, it will be advisable to create 
a permanent branch of the Govei'nment service, to take charge of irrigation and 
drainage. 

This is the more desirable because the successful accomplishment of an 
irrigation and drainage system requires not only training and experience in a very 
special branch of technical science, but also a proper knowledge of the details of 
local circumstances, and of the agricultural, climatic and economical conditions of the 
country concerned. The latter can but be acquired by officials of a permanent service 
who have constantly and systematically to deal with the matter to its full extent 
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and record their experiences for their successors, and certainly not by officials who 
only have to occupy themselves with tlie matter occasionally, for isolated measures. 
Hence it is evidently quite natural that, for the matter in question, Siam should 
have a special, permanent and expijrt branch of Government service, just as is the 
case in other countries under similar conditions. 

As the matter is assuredly of no less importance than, for instance. 
Railways, Surveys or Mines, in the line of the Siamese Government Institutions, the 
irrigation service should be a special Department under the Ministry of Agriculture. 



SohGre of '^- 2''*^ sphere of aetivity of the Royal Irrigation Department should include : — 

actioity. 

a improvement of the existing natural and artificial, public ( Oovernment ) irriga- 

tion, navigation and drainage ivorTcs, canals and rivers; 

b. preparation, (by performing observations, by gathering records, by surveying and 
leveling etc. ) and farther planning and comtruction of ne u irrigation, navigation and 
drainage schemes : 

c. management of the water-distribution, the water-discharge etc. by the canals 
and ivories already in existence and those coming in operation, with the assistance of 
heal Committees ; and further maintenance of all Government irrigation, drainage and 
navigation works and canals; 

d. collection, as far as feasaUe, of ivater taxes, ivater rates, lock dues, tolls and 
all other revenues, levied upon watersupply and works managed by the Department; 

supervision and inspection of the execution and maintenance of all kinds of 
authorised canah and works, connected with irrigation, navigation and drainage, wMch 
are executed or maintained by other authorities and corporatwns or by private persons 
and companies ; 

f advising on all plans concerning all kinds of works of other departments and 

of private persons and companies, connected in any way wUh ur^gaiion, nav^gat^on 
and drainage channels and works, or with the offtake of water fro,n the r^vers or canals ; 
and on all applications regarding irrigation, navigation and drainage matters and works 
and registering of all concessions and grants ^n these matters. 

Concerning the sphere of the department to be established, the following 
explanations, are Lre given, being chiefly a recapitulation of what has been already 
explained in detail. 



e 



;L ^a8 ] 



Improoement a. The existing canals are, in general, in a very neglected condition and 

of existing 

tDorks much in want of repairs and improvement, and as already under present conditions 

they are of great importance for navigation, inundation and drainage, their repairs 

and improvement is the first matter to be undertaken, both because of the direct 

utility of tliis work, and in regard to its connection with the supply scheme. 

An efficient improvement, in accoi'dance with the supply scheme and 
without useless expenditure of money, requires, of course, expert technical direction. 



Preparing and b. Proposals for irrigation or drainage works must, of course, be founded on 

construction of „ 

netD schemes, f'^^ts, stating ; 

that the present conditions cause damage and trouble and urgently require 
improvement ( to state ( which demands expert observation ); 

that improvement is possible with regard to the elevation of the lands, the 
rise and fall and the discharge of the rivers, the available and required quantities 
of water in different seasons and for crops, etc., ( all of which is to be stated after 
expert observations, experiments and surveys); 

that tiiking-off of water from the rivers or alterations of discharge by 
drainage works will not endanger other regions ( which requires expert judgement 
of the hydrotechnical circumstances and interests of the whole of the area concerned); 

that the estimated expenditure is in due propoi'tion to the utility of the 
works, (wherefore expert plans and estimates are to be made). 

In order to be in the position to take into consideration, at any time required, 
the possibilities of any scheme and to define its connection with other schemes 
and hydrographical interests, gnneral observations and investigations must be 
performed continuously and records must be gathered concerning all these regions 
of the country which are adaptable fur irrigation and drainage ; whilst concernino- 
the regions for which important works first come in view, the observation and 
investigation at once must assume a more elaborate character and enter into particulars. 

The success of the works depends on expert construction nearly as much 
as on skillful planning; this is especially the case with works which have to resist 
the pressure of a considerable head of water, as is the case with most works connected- 
with irrigation and drainage. 

Preparing, planning and execution of irrigation and drainage works therefor© 
should only be done under thoroughly expert direction, In the present case 
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it is a matter of course, that only the dii-ection by experts in tropical irrigation 
will safeguard the Siamese Government from increasing the number of " monuments 
of bad engiaeei'ing and wasted money " that have been the result of inept efforts 
in this matter in some other countries. 



Management c. As the stability of the works will depend principally on the planning and 

and mainte- , , , 

nance construction, so the duration and the utiUty will depend largely on their manage- 

ment as well as on the upkeep. 

The management, as well as the upkeep, requires continuous care and expert 
direction and control, in order to prevent, for instance, the works from being ruined 
by scouring out or the canals from being obstructed with sand and silt, and to secure 
the water being let in or drained off at the right time and having it distributed 
between the commanded lands in due proportion to the total quantity available, 
and the momentary wants for agricultural and other purposes. 

It is a matter of importance that the Royal Irrigation Department should 
have in its hands all matters concerning water-management as far as is feasible, 
in order that the officials may gain proper knowledge about all what may cause 
damao-e and trouble or may be wanting in this respect, so as to be able to compare 
the urgency and utility of improvement in any tracts and make proposals for what 
is most necessary and most profitable. 

The management, as well as the maintenance, of the irrigation and drainage 
works the existing works included, should therefore to be put under the 
hydrotechnical department, as far as it is possible in respect to the staff of men 
to be disposed of. 

The management of irilgation and drainage cannot, be connected with the 
civil administration, even if the officials had sufficient training and practice in 
the matter, and time to spare for it, because the management of the entire sphere 
of a canal must, of course, be in one hand and the boundaries of the admistrative 
provinces and circles do not at all accord with those of the canal regions. 

To leave the general management to the landowners concerned, would be 
still less advisable, because private interests will too often clash with each other. 

Committees for the local management, however, elected or nominated from 
among the cultivators, landowners and officials, will presumably be of great utility 
towards the interests of agriculture. 



[ IW] 



Collection of d. As far as is possible, without incre.ising the staff in a more expensive 

reuenue. 

way than would be the case if the raa.tter was assigned to another department, it 

will be advisable to have the revenue of the irrigation and drainage works collected 
by the officials of the Irrigation Department, because this will be the least expensive 
and best controllable way of collecting it. 



Works con- e. All kinds of woi'ks connected with iiTigation, navigation and drainage 

nected voith 

irriaation canals and works, can easily cause serious difficulties. Inspection by the Royal. 

and drainage. Irrigation Department of the woiks, executed or maintained by othei' departments, 
that have any connection with the irrigation, navigation and drainage works, there- 
fore should be pmvided for, to prevent damage being caused in that may. 

The management and upkeep of the minor klongSjvwhen assigned to local 
committees, has of course, also to be supervised by the expert Government depart- 
ment concerned in the matter. 

Private canals are not only of importance to the con cession holders, but 
also to a large number of othei's, living in the regions concerned or in neighbouring 
tracts or having interests there. The land revenue in the regions concerned is also 
intimately connected with such canals. Therefore the Governmnet should supervise 
and inspect in how far the concessionholdei-s fulfill their liabilities. Moreover the 
private canals and works, and the Government works generally will be dependent 
upon each other for their watersupply. 

It therefore follows that the service concerned, by its very existence, is 
indicated to supervise the private canals and works. 

i^doising. f, it can easily be understood that it is de.sirabli to have the pi'oposals and plans 

of other departments or private persons and companies, which in any way are 
connected with existitig canals and works, advised upon by the Royal Irrigation 
Department as such works often can become impediments to irrigation, drainao-e 
or navigation purposes, or cause damage to previous i-jghts and interests. 

Plans and proposals concerning offtake of water from the rivers are. of course 
icluded, because new offtakes may tend greatly to the prejudice of existino- ones. 

The same reasons that make advising on plans and supervision of already 

uthorised works concerned by the Royal Irrigation Department highly desirable viz : 

that the Governnieut and third parties have great interests in these matters and that 

the watersupply of Government and private works are strongly connected with each 
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other, make it also, of great use to have expert advice on any applications for new 
private canals or other works. 

Staff Of the 3. At the head of the Royal Irrigation De:partment is to he placed a Director 

Department. ™ , , 

Ger^eral who, under the direct orders of the Minister of Agriculture, acts in all func- 
tions and disposes of all personal and material. means assigned to his Department. 

The Director General shall he assisted ly a technical and administrative staff, 
of such a number as eimmstances may require and as is sanctioned by the respective 
items of the State budget. 

The technical officials cannot be charged ivith any luork, not concerning the 
Department, without consent of the Minister of Agriculture and must abstain from all 
private technical occupations. 

As the Irrigation Department is certainly of no less importance to the 
Kingdom of Siani than the Railway Depai'tment and many other Departments, it 
se(>nis suitable that the chief of the lioyal Irrigation Department shall bear the same 
title as is usual in Siam for the chiefs of such Departments. 

The titles of the other officials (see p. 12-2 ) are conform to those commonly 
in use for technical services, as for instance in the Railway Department. 

The number of officials required is dependent upon the speed required with 
regards to the surveys and plans and upon the sums of money, that annually can be 
placed at the disposal of the Department for construction of wprlcs, and when the 
supply commences, upon the extent of the lands already commanded. 

To begin with, the Department should be divided into 3 divisions viz : — 

I The division for improvement, maintenance and management of existing 

works in the lowest parts of the Menam Valley, with a Superintending Engineer, in 
charge, 2 Executive or Assistant Engineers, 2 Overseers, 1 Assistant Overseer, 5 
Surveyors, and Draftsmen, Clerks etc. 

II. The division to start the initial work for the supply system, with one Super- 

intending Engineer in charge, 2 Executive or Assistant Engineers, 1 Overseer, 1 
Assistant Overseer, 10 Surveyors, and Draftsmen, Clerks etc. 

HI The general division under the Director General, for the observations, the 

planning, etc., with 1 Assistant Engineer, 1 Overseer, ( specially for the records of tide 
gauges, discharge of rivers, rainfall, navigation etc.), 1 Accountant-translator, 
and Draftsmen, Clerks, etc. 



I 
To begin with, the staff of offiiiials thus will consist of : 

1 Director General. 

2 Superintending Engineers. 

5 Executive or Assistant Engineers. 

4 Overseers. 

2 Assista,nt Overseers. 

15 Surveyors. 

1 Accountant-translator. 

6 Draftsmen. 
8 Clerks. 

Within the space of some years, as woi'ks are going on aud money will 
be available according to the requirements for executing them at full capacity 
(seep. 125), the number of officials must be increased considerably. 

To assist the Dii-ector General in planning the principal works, a Chief 
Engineer or Assistant Director will be required. 

The number of divisions and Supeiintending Engineers will be extended 
by 3, viz: tlie division mentioned (I.) will be divided into a right bank (of the 
Menam) division, and a left bank division, which will include the downstream parts 
of tlie two main canals for supply; the division mentioned (11.) will be divided 
into 3 other divisions, one for the upstream parts of each of the Menam main canals 
and one for the, Supan works. 

When the construction of woi'ks is going on according to wliat has been 
explained before, then the number of Executive and Assistant Engineers must 
successively be increased to about ]0,aiid the number of Overseers to about 20 and so on. 

The staff of officials, when works are in full swing, may be estimated at : 

1 Director General. 

1 Chief Engineer or Assistant Director. 

5 Superintending Engineers. 

10 Executive or Assistant Engineers. 
20 Overseers. 
10 .Assistant Overseers. 
30 Surveyors. 
1 Secretary-Chief Accountant. 

6 Accountants ( 1 for each division and one accountant-translator 

for the head office). 

16 Draftsmen. 
20 Clerks. 
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The Director General, the Assistant Director or Chief Engineer and the Super- 
intending Engineers all are to be fully qualified Civil Engineers, experienced in 
irrigation works ; the Executive and Assistant Engineers may be partly not fully 
qualified practical Engineers of long experience and partly fully qualified young 
Engineers, the latter forming the material for new Superintending Engineers. 

The Overseers, Assistant Overseers and Surveyors may be men of minor 
technical qualifications and will have to be trained up for the purpose. 

When construction is nearing completion and supply is becoming general, 
commences, a part of the technical staff may be employed in the management, and the 
balance can be put on the drainage improvements of the Lower Menam Valley and on 
new schemes. 

The pay of the staff is stated in the estimate of expenditure on staff and 
surveying (see p. 12-2). 

For management and controlling purposes a staff of chief guards and of 
lock-, sluice-, and canal-guards will further be required, as the estimate shows 
on p. 131. 

Traininq of ^^ ^^^^ commencement a great part of the staff will, of course, have to be 

the staff. foreio-ners, as there are no Siamese trained and experienced in irrigation matters. 

Even to fill the lower ranks of the staff chiefly with Siamese, will require 
previous training. 

To have the lower ranks chiefly filled up by sufficiently trained Siamese and 
to make it possible in the future for Siamese to be charged with the higher technical 
offices, which require more technical training and experience, it would, I presume, be 
most desirable to establish a technical school, (of which the present Survey School 
perhaps may be considered as an existing basis) where young Siamese, who know 
how to read and write English, can be trained in mathematics and physics and 
the elements of engineering, with regard to the different branches of technical science 
practised in Siam, as house-, bridge-,, and road-building, surveying, railways and, 
most likely iri-igation woi'ks. 

The most intelligent and industrious of the young men turned out, could, 
(When they show ability for the work), after some practise, be given a higher 
class of trai.ung to make them fit for higher requirements and from these could 
be selected the most promising ones to be sent to Europe to have high technical 
training and to becon.e fully qualified Engineers, who after some, years of practice 
and experience, may be able to occupy leading positions. ' 
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The Engineers of the- different technical Departments, as far as attached to 
the head offices, would in all probabity be able to spare some time for teaching 
technical matters at such a school, which would relieve them from the trouble of 
training their men alone. 



Appointment 4. All the officials of the Irrigation Department are to he appointed on the pro- 

' posal of, or in agreement with the Director General, or by this functionary himself, as 
far as their monthly pay does not exceed 300 ticals. 

The Director General assigns the place of residence to the officials and trans- 
fers them. 

The officials of the Department may not be owners of, or interested in any 
ivay in landed property within their official region. 



It is a point of the highest importance to be sure, as far as possible to 

have only qualified and able men joining the Department ; for technical faults of 

the Engineers can cause the Government and the cultivators the greatest loss or 
lack of profits. 

As the Director General is to be made responsible for the woi'k of the 
whole Department, he must be in the position to judge himself the capacity of 
his assistants and reject the men he deems not fit for the work. Moreover a 
sincere and cordial cooperation of the Staff_ with the Director General is in the 
first place. required on behalf of the progress of the work and of the most useful 
employment of the men and moneys available. 

More reasons will not be required to explain the necessity of the I'ecruitino- 
of his staff being chiefly in the hands of the Director General. 

To secure the impai'tiality of the Department in its plans and management 
of so important a factor in the national welfare as irrigation, it is quite necessary 
that the officials are not intsrested in properties within the region where their 
labour may be of great influence on tha value and production of lands. 



Contracts 5. All contracts or agreements about supplies or ivories belonging- to the sphere 

inrb«? of the Boyal Irrigation Departement are to be made through the intermediary of the 

Director General and payments thereupon are only to be given on evidence signed by him. 



■ ' The Director Generar ought to be consulted in all material matters of his 
administration, accounts included, as well as in the personal matters of his Department. 
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This is beyond all question required in any well organised and propertly conducted 
service. 



mil^stJation' '' ^' ^^''''^'"' ^'""'''^ '^''^'''' "^ *^' *"*'"' '''''^'''^ '" *^' ^^'^^^ ^""^^'^ ^v ^^' 

articles regardmg his Department and accounts for the expenditure and receipts on a 
similar footing as is usual in the Royal Railway Department: 

As far as possible a fixed annual sum is to be set apart for the works of the 
Department. 

A regular account of the expenditure on, and the revenue derived from the- ivories 
cf his Department, is to be Icept hj th£ Director General and stated in an annual 
report. 



Tlie Riillwiiy Depiirtnient is here chosen as an example, because experience 
seems to liave proved that the present arrangements for that Department are sui- 
table jind because that Department is in many points similar to the new department 
to he established. 

As a great number of considerable and influential men in Siam are big 
landowners and the value of property is largely dependent upon irrigation works, 
a cei'taiu independence of action and administration will ceitainly contribute to 
the impartiality of the Department in question. 

To designate, as far as possible, a fixed annual sum for the works of the 
Department will be of gi'eat importance for tlie regular progress of the work and 
the economy of expiMTses as well ms for the stability of tiie staff of officials and of 
the labour which is also <if great advantage to the works to be constructed. 

That a regular account is to be kept witli regard to expenditure and revenue 
on irrigation and drainnge and nventioned in an annual report, needs not to be 
expliiined, this being an absolute condition on the part of tire Government in order 
to judge of the results of tiie working of the Department. 

Leqal requla- 7- ^'^^^^ regulations are to be made concerning the rights and claims of owners 

/Hons ^^^^ occupants of the lands, in matters of supply and discharge of water and of construc- 

ting canals and works : concerning water taxes, water rates, loch dues and tolls ; tvith 
regard to navigation in the canals ; against damaging of the canals and works etc., in 
connection with the existing laws and customs. The officials of the Royal Irrigation 
Department, as far as feasible are to be charged with the maintenance oftliese regulations. 
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With a view to a regular and fair management of the watersupply and 
drainage matters, an inquiry into the present local rights and customs, in connec- 
tion with the existing laws in this matter, will be necessary. 

"When the conditions of supply and drainage of the country are improving 
and the lands increase in value, questions bearing on these matters will grow in 
number and importance and to prevent, as much as possible, doubt in the decisions, 
legal regulations with regard to the rights and obligations in matters of watersupply 
and drainage will urgently be required. 

The rights and obligations with regard to digging of canals by corporations 
and private persons is also a matter of importance to be settled is a legal way. 

No less are penal regulations required, as far as they not exist already, to 
prevent people damaging the works ; and to maintain this regulation lies naturally 
wiihin the sphere of action of the officials, charged with the management and 
upkeep of the works. 



Conclusion. The scheme of irrigation and drainage prcposed in this lieport and explained 

with regard to its possibility and utility embraces about i^'2 million rais of paddy- 
land, i. e. more than half the present cultivated area of the Kingdom of Siam. 

The view of the scheme is: ( 1 ) improvement of the existing klongs ; (2) 
construction of a supply system, cojisisting of a weir at Chainat, of 3 main canals 
(a right bank, a left bank and a Supan m.iin canal, for all of wliich a great deal 
of existing channels can be utilized), with headsluices, distributary works and naviga- 
tion locks, and of a system of distributary canals, with proper arrangements for 
watersupply and navigation. Drainage improvements will follow. 

The existing and the nevy canals both all the year through, will contain a steady 
current and supply the water required in the paddy growing season and in the dry 
season, and moreover improve and open. up navigation in the whole Lower Menam 
Valley. 
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Owing to the enormous extent of the area and the great weir and sluice- 
works, the system will be a very imposing one and will contribute to the reputation 
of the Siamese Govei'nment. 

Since the greatest part of the main canals and the distributaries, and 
especially those parts which are of the largest proportions and would be most ' 
expensive, will consist of existing channels and klongs, the system will be compara- 
tively little expensive, ( the total o£ the probable cost of the works being for 
instance but little higher then the expenditure on the town waterworks of Bombay 
only, £ 2V2 million). Besides to a great extent the system can be soon in operation 
and produce results. The agricultural methods of the Siamese cultivators in general, 
moreover, are quite adapted to watersupply. 

The expenditure on construction and maintenance will only for a small 
part be incurred on materials imported from abroad and will greatly benefit the 
Siamese stone, brick and lime industries. 

Already during tiie execution of the works the Government will recover a 
part of tlie expenditui'e as taxes and duties paid by those employed in the 
construction. 

The svstem is not, as would be the case with a railway, or road or a simple 
navigation canal, only of utility to some towns connected by it and to an adjacent 
narrow strip of country, but to the whole area concerned in equal proportion. 

The utility of the system, thereby is not confined to communication only, 
and is not indirect and not a mere possibility in respect to national production, but 
the utility is as direct and as general as possible to the whole agricultural produc- 
tion of half the arable area of the country, because the system will remove the 
most serious impediment to agriculturaldevelopment, as well with regard to rice 
as to other crops, namely wsint of water. 

The loss of crop in consequence of drought, experienced over the area 
concerned of 4V.2 millions of rais in one bad year, will represent already a greater 
value than the totnl cost of the whole supply system. 

The effect of the system will make life more comfortable and healthy for 
the people in the whole area concerned, and not less to their cattle, by providing 
them with fresh drinking water and enabling them to cultivate dry season crops, 
vegetables and grass or foddercrop in the dry season, and further with better and 
quicker means of communication ; in its consequences the system will change the 
^■hole aspect of the villages by enabling people to surround their houses with well 
drained gardens, cultivated with vegetables, shady fruit trees, etc. 
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The- density of the .population .ia all irrigated countries shows most evidently 
that the sanitary conditions are favorable enough in irrigated regions. 

In the present hydrographical conditions, during the parts of the year in which 
no agricultural work is possible, people are in want of occupation or are fetching 
drinking water; both of which promotes staying out of doors and visiting gambling 
houses. 

The necessity of repeatedly removing from the fields to the liverside and 
vice-versa makes people unsettled, renders them unruly and prevents them from 
building suitable and healthy houses. 

Bad years run the people heavily into debt. Manya man gets in not unfrequeiitly 
recurring dry years only ^U to Vio of the usual crop of good years and even less, 
hence he soon is rendered quite unable to fulfil his liabilities. 

Unsettledness, indebtedness and gambling most certainly carry robbery 
in their trail. 

Constant agricultural occupation the whole year round, as a consequence of 
regular and adequate irrigation, will on the conti'ary incline people to peacefuliiess 
and promote order and will lead them to make their homes more comfoi'table, which 
will improve the sanitary conditions. * 

The value of the land, and in proportion the national wealth of the country, 
will increase greatly in consequence of the increase in quantity, qdality ahd regularity 
of the produce. 

Even the poor lands, whicli people have been obliged to desert in conse- 
quence of inundation by salt water and incroachment of reeds and rushes, in course 
of time will become cultivatable and valuable again. 

The possibiii'ty of extension of the area worked by one person will tend 
to a gener.il extension of the cultivated area ; and where extension is not possible 
to more intensive cultivation. 

A great deal of the at present waste and uncultivable fields that will 
become fit for cultivfition and accessible in consequence of supply and drainage 
canals, will be made arable by a part of the younger generation, immigi'atino- to 
these tracts. This will prevent the chief drawback of the inci'ease of agricul- 
tural population, namely the subdivision of the family holdings and moreover 
return to the Government a considerable part of the outlay on the works 



* To the following example ( Buckley p. 250 ) may be referred : 

" The Swat river canal has irrigated far larger areas than wero anticipated and > 
already proved to be a renumerative work. It was primarily undertaken, chiefly on polif '• 
grounds, in order to settle the lawless tribes residing in the valley where the canal lies, " 
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The gradual development, from the present conditions, to retaining the 
water by locks, further to regular supply and successively to adequate drainage, 
in order to get continuously nearer to the final end : thoroughly adequate irrigation 
and drainage of the whole area concerned, will prevent all abrupt changes and 
difficulties with regard to the present agricultural methods, but tend to educate 
the people gradually to agricultural improvements. 

The economical effects of the worlfs will therefore not only be lasting, but 
in consequence of the gradual development of the system and of agriculture, will 
be continuously increasing 

The financial returns on behalf of the Government will certainly not only 
defray the cost of upkeep and management of the works and a fair interest on the 
original outlay, but in all probability will also cover all further expenses required 
for accomplishing and extending the system and taking up new schemes. 

Increase of national production and prosperity will inhance Government 
revenue in general, and particularly influence the receipts on customs, railways, posts, 
telegraphs etc. 

The economical effects will certainly enable the Siamese nation to meet in 
a quite satisfactory manner the increase of wants and of imports that will ac- 
company further progress. 

At present the economical balance in relation to foreign countries is still 
satisfactory; but taking into consideration in what way progress Is going on and 
wants are increasing and that extension of the cultivated area, under present 
conditions, cannot be expected to provide for the necessary increase of production, 
there appears to be a great probability that within the period in which the proposed 
works could produce their full primary results, the conditions will have quite 
changed and progress in Siam will become hampered by insufficient exports, 
when no efficient measures to increase the production are taken in due time. 

With these general considerations I will close this Report. 



(Signedj, J- HOMAN VAN DER HBIDE. 

Engineer of the Waterstaat of Netherlands India, temporarily 
placed at the disposal of the Siamese Government. 



Bangkok, January, 1903. 



(I.) 



RAINFALL STATISTICS . 

( ANNEXED TO THE GENERAL REPORT ON IRRIGATION AND DEAINAGE 
IN THE LOWER MENAM VALLEY ). 



s^'^et-O'®-':^ 



RAINFALL IN BANGKOK. 

(RECORDED BY THE AMERICAN MISSIONARIES.) 

( Sir JOHN BOWRING'S SIAM, Vol. I. p. 400 ). 





1815. 


1846. 


1847. 




, inches. 


inches. 


inches. 


January - - - 





0.30 


Q 


February 





1.70 





March 


4.72 


0.60 





April 


•9 32 


0.30 


8.30 


May - - - - 


9.84 


2.55 


8.54 


June - - - - 


8.13 


10.94 


5.10 


July - - - - 


5.03 


6.20 


6.12 


Auc^nst - 


9.58 


7.26 


11.30 


Sept-ember 


[18.66] 


13.84 


12.00 


October 


8 94 


5.94 


7.35 


Nov(!niber - - 


2.20 


3.03 


5.45 


Deceiul)er 


0.10 








' ^ 


f -"" 

76 5-2 inch.es. 


52 66 inches 


64.17 inches. 




194.:16 c. in. 


135.60 c. ni. 


162.91 c m. 



(II.) 



BANGKOK ARINFALL FOR 10 YEARS ( 1882-1891 ), 



«n 



year 


January 


February 


March 


May 


April 


June 


July 


1882 


0.50 





0.21 


4.52 


5.92 


3.78 


8.43 


1883 





0.63 





3.06 


7.44 


9,69 


2.10 


1884 


( 1st. Jam 


aary till 30th. June total of 


- - - 


7.00) 


5.29 


1885 


0.10 


3.62 


0.12 


1.35 


1.52 


8.88 


6.78 


1886 





0.52 


0.95 


0.72 


7.52 


8.49 


10.97 


1887 


1.79 


2.25 


0.87 


2.39 


8.76 


4.19 


7.97 


1888 











1.50 


13.25 


1.40 


4.05 


1889 


5.10 





1.15 


1.04 


6.97 


5.81 


3.88 


1890 


0.50 


0.50 





1.40 


8.52 


5.68 


4.01 


1891 





5.80 


1.62 


0.46 


1.33 


1.77 


4.54 


Average 


0.88 


1.48 


0.55 


1.83 


6.80 


5.52 


5.80 


in inches 


for 9 years 


for 9 years 


for 9 years 


for 9 years 


for 9 years 


for 9 years 




in cm. 


2.23 


3.76 


1.40 


,4.71 


17-.34 


14 02 


14.73 



For the year 4S84 over the period January-June only the total, but not the 
monthly quantities are recorded. Consequently the total of the monthly average does 
not agree with the annual avera|»e. 



(III.) 



REGISTERED AT THE OFFICE OP THE BORNEO COMPANY Ltd. 



inches. 



August 


September 


October 


Noyember 


December 


J'otal per 
year in 
inclies 


Total per 

year in 

c. m. 


ear 


3.07 


14.15 


11.56 


1.50 





53.64 


136.24 


1882 


5.76 


8.57 


3.44 


1.52 





42.21 


107.21 


1883 


3.57 


6.18 


8.49 


3.23 





33.76 


85.75 


1884 


10.96 


1412 


9.06 


3.35 





59.86 


152.04 


1885 


4.02 


[16.41] 


12,85 


3.12 





65.57 


166.55 


1886 


8.75 


9.61 


6.98 


1.56 





55.12 


140.00 


1887 


6.39 


11.34 


6.58 


1.56 





46.07 


117.02 


1888 


10;64 


[ 16.07 ] 


11.14 


6.76 


1.51 


70.07 


177.98 


1889 


12.14 


10.26 


5.00 


0.89 





48.90 


124.20 


1890 


5.29 


7.10 


6.93 


2.53 





37.37 


94.92 


1891 


7.06 


11.38 


8.20 


2.60 


0.15 


51.26 


130.20 




17.93 


28.90 


20.83 


6.58 


0.38 


Average 


per month 


in cm. 



(IV.) 



RAINFALL RECORDS OP THE 



Places 



year 



January 
days c. m. 



February 
days c. m. 



March 
days c. m. 



April 



May 
days c. m. 



June 
days c. m. 



Muaklek, (in 
the Korai hill 
range 266 M. 
above sealevel) 



1894 
189-5 
1896 
1897 
1898 
1899 



No rec. 

») 

4.11 



0.78 





No rec. 




No rec. 




No rec. 




)» 




jj 


7 


8.53 


7 


17.52 


3 


6.66 


5 


9.12 








5 


4.13 


7 


11.28 


3 


2.99 


4 


9.22 


11 


6.35 








6 


7.39 


10 


13.95 



9 
21 
11 
15 
13 



No rec. 
14.76 
30.95 
8.62 
23.35 
10.45 



11 
6 
20 
17 
21 
13 



12.57 
4.60 
26.06 
23.28 
32.77 
9.74 



Average p.m. 

Hinlap (iu 
the Korat hill 
range, 220 M. 
above sealevel) 



1895 
1896 
1897 
1898 
1899 



1.22 

No rec. 

2.55 

0.03 







■• 


5.12 




6.85 




9.84 




No rec. 




No rec. 




No rec. 




13.66 




2.01 




8.49 









7.20 




30.38 


1 


1.69^ 


7 


6.43 


6 


5.14 








2 


■ 8;76 


6 


21.50 



17.62 


... 


No rec. 




33.24 




10.13 




No.rec. 


19 


20.00 


10 



18.17 

No rec. 
26.74 
21.38 
31.72 
20.14 



Average p.m. 



Lopburi 



1899 
1900 
1901 



0.64 

No rec. 
35 
0.15 



I 



I 



3.84 

No rec. 
0.60 
0.39 



6.10 

No rec. 
9.08 
8.24 



3 
2 



13.17 

No rec. 
2.12 
3.17 



6 
16 



21.17 

No rec. 
16.13 

17.20 



5 
12 



24.99 

No rec. 
15.65 
11.56 



Average p.m. 



Ban Pong 







0.25 


... 


0.49 




8.66 


• 


2 64 




16.66 




1900 




No rec. 




No rec. 


1 


1.75 


3 


8 26 


9 


20.73 


14 


1901 








2 


1.20 


2 


6.70 


1 


0.2.^) 


9 


9.67 


9 


1903 








3 


6.25 


3 


4.50 


5 


9.87 


9 


16.20 


... 



13.60 

14.10 

7.67 

No rec. 



Average p.m. 











3.72 


... 


4.31 


■.■■ 


6.12 




15.53 




10.88 


Ratburi * 


1900 




No rec. 




No rec. 




No rec. 




No rec 




No rec. 




No rec. 




1901 








3 


2.97 


2 


2.73 








8 


6.65 


6 


7.45 




1903 








2 


3.84 








2 


' 3.10 


11 


22.55 




No rec. 


Average p.m. 











3.40 


•• 


1.36 


... 


1.55 


... 


14.60 




7.45 



(V.) 



ROYAL RAILWAY DEPARTMENT. 



July 


August 


September 


'October 


November 


December 


Total per year, as 


days 


e. m. 


days c. m. 


days 


c. m. 


days 


c. m. 


days 


c. m. 


days 


c. m. 


far as there are no 
breaks in the re- 




1 


















cords. 


17 


24.28 


24 


35.86 


15 


26.84 




No rec. 




No rec. 




No rec. 




8 


9.73 


17 


25.52 


17 


27,75 


10 


7.21 










)j 




13 


15.63 


17 


16.52 


12 


17.03 


12 


30.26 


4 


2.87 




jj 




18 


20.16 


... 


No. rec. 


19 


29.59 


14 


25.72 


4 


3.73 










21 


[42.95] 
No rec. 


21 


14.36 
No rec. 


23 


28,67 
No rec. 


4 


7.75 
No rec. 






No rec. 






No rec. 


168.41c. m. in 1898 


... 


22.55 


... 


23.06 




25.97 




17.73 




1.65 







149.78 c. m. Ave- 
rage per year (total 
of the monthly ave- 
rages. ) 




No rec. 




No rec. 




25.82 




9.39 







... 









19.86 




29.60 




20.60 




30.61 




5.55 


... 





192.91 cm. in 1896 




24.12 




24.66 




33.86 




22.08 




5.94 







169.78 cm. in 1897 


22 


[50.64] 


20 


16.02 


11 


25.04 


4 


2.35 




No rec. 




No rec. 




12 


18.08 


20 


30.49 


15 


33.80 


5 


6.00 


3 


3.45 


1 


0.79 


163.01 cm. in 1899 




18.18 




25.19 




27.82 




14.11 




3.74 




0.28 


169.23 c. m, Ave- 




9 










v* 












rage per year (total 
of the monthly ave- 




No rec. 


20 


14.99 


23 


[47.39] 


6 


1-83 


4 


4.34 








rages. ) 


7 


10.94 


21 


31.41 


r3*' 


bl.l6 


4 


7.61 


2 


4.35 








119.40c. m. in 1900 


17 


11.13 


27 


18.35 


"l6 


25.25 




No rec. 




No rec. 




No rec. 






11.03 




L'1.58 




31.36 




4.72 




4..S4 







115.33 c. m. Ave- 
rage per year (total 
of the monthly ave- 
rages. ) 


10 


10.55 


10 


11.99 


16 


27.76 


9 


23.37 


2 


2.84 










11 ' 19.47 


12 


12.90 


12 


20. 1 


18 


■>7.90 


1 


0.75 


1 


0.30 


106.91 cm. in 1901 




No rec. 




No rec. 


... 


No rec. 




No rec. 




No rec. 




No rec. 




< 


15.01 




1:^.44 




■23.93 




25.63 




1.79 




0.15 


1 19.51 c m. Ave- 
rage per year (total 
of the monthly ave- 
rages. ) 




No rec. 




No rec. 




No rec. 


9 


20.55 


3 


3.40 










5 


7.00 


8 


14.15 


13 13.80 


14 


l.').ii0 


2 


2.50 








72.25 cm. in 190 1 




No rec. 




No rec. 


No rec. 




No rec. 




No rec. 




No rec. 






7.00 




14.15 




13.80 




17.77 




2.95 







84.03 cm. Ave- 
rage per year (total 
of the monthly ave- 
rages. ) 



(Vl.) 



RAIiN OBSERVATION, REGISTERED AT THE 

( AVERAGE OVER THE 

( The SiaTnese y^ar 



Circle 


April 


May 


June 


July 


August 


September 




c. m. 


c. m. 


c. m. 


c m. 


c. m. 


c. in. 


Payab (Chiengmai) 


8.42 • 


15.73 


8.36. 


11.19 


35.68 


32.88 


Pitsanulok - - 


6.89 


17.34 


19.62 


15.98 


[44.18] 


12.13 


Nakon Sawan - 


2.66 


36.52 


31.02 


19.06 


19.09 


25.82 


Petchabun - - 


No rec. 


No rec. 


11.45 


24.94 


19.59 


12.60 


Average - - - 


4 66 


23.20 


17.61 


17.79 


29.63 


20.73 


Krung Kao - - 


9.08 


15.80 


14.75 


12.83 


21.38 


22.82 


Nakon Chaisi 


5.17 





2.50 


8.52 


12.85 


No rec. 


Krung Tep - - 


8.21 


2.50 


[ 44.09 J 


29.03 


18.70 


J) 


Average - - - 


7.48 


,6.10 


20.44 


16.79 


17.64 


22,82 


Ratburi - 


6.91 


11.76 


12.96 


15.47 


14.23 


20.83 


Prachim - - - 


10.61 


25.26 


24.76 


[47.52] 


24 82 


No rec. 


Chantaboon - - 


18,88 


16.53 


31.53 

28.14 


26.37 


29.49 


27.25 


Average - - - 


14.74 


20.89 


36 94 


27.15 


27.25 


Sritamarat - - 


6.17 


5.76 


11.87 


10.12 


8,63 


16 21 


Choomporn - - 


10.30 


38.91 


24.34 


14.01 


10.32 


9.54 


Puket - - - 


16.03 


28.76 


[41.22] 


[54.31] 


3 1 .23 


39.05 


Average - - - 


10.83 


24.48 


25 81 


26.15 


16.73 


21.)B0 



( vii. ) 

OFFICES OF THE PROVINCIAL GOVERNORS. 
SIAMESE YEARS ll7/i-2G (1898/1901.) 
begins April 1st. ) 



October 

c. m. 



N« rec. 
•24.30 
21.78 
24.09 



November 



23.39 

1648 
No ree. 



16 48 

26.09 

No rec. 
(43.55 1 



[43.55] 

17 90 

11.64 

[52.78] 



e. m. 



December 

0. m. 



27.44 



No rec. 

0.66 
No rec. 



66 

3.24 




No ree. 
0.81 
0.02 

No rec. 



January 



c. m. 



No rec. 
0.78 
2.49 




•m-}' 



0.41 

0.02 
1.26 



I 



No rec. i No rec. 



1.09 

0.63 

No rec. 



February 



c. m. 



No rec. 
0.67 
5.62 




2.09 



March 



c. m. 



No rec. 

2.32 

14-.71 

7.96 



7.99 



Remarks. 



The stated monthly quan- 
tities are averages of all 
the local records in the 
respective circles. 

Because of the numerous 
hreaks and obvious errors 
in the local records, only in 
the form of the here stated 
averages these records may 
be reliable. 



Averag^e per year 
149.24 c. m. (Up- 



1.62 

2.06 

No rec. 
15.03 



0.64 

0.00 

4 36 
10.38 



0.31 



per Menam hasin.) 



5.18 
0.54 



15.03 

36.76 I 
16.90 
21 Ai 



26 93 



7.37 

17.58 

31 55 

3.35 



17.46 



2.86 

20.22 

10 11 

4.52 



O.OL 


8.14 




5.09 


No rec. 




No rec. 


)' 




2.55 


8.14 


Average per year 
121.01 c. m. ("Lo- 
wer Menam Valley. 


5.22 


19.26 


134.28 c. m. (Mek-) 
long plain. ) 





[43.78] 





2.57 



11.62 



128 

5.53 

7.96 





10.26 



4.50 



27.02 

16.05 
2.32 
5.04 



Average per year 
252.22 c. m. (South 
Eastern circles. ) 



7.80 



Average per year 
221.35 c. m. (South 
Western circles Ma- 
lay peninsula. ) 



O m ) 



RAINFALL IN KLONG RANGSIT. 
(OFFICE OP THE RANGSIT CANAL COMPANY). 

1901. 

cm. 



January 

February 

March 

April 

May 

June 

July 

August ■ 

September ■ 

October ■ 

November 4 59 

December — 

Total in 1901. 



2.05 

1.23 

5.19 

6.60 

12.14 

13.96 

25.54 

18.45 

37.96 

15.11 



142.82 c. m. 



RAINFALL IN CHIENGMAI. 
(BRITISH CONSULAR REPORTS.) 





1898. 


1899. 


1900. 




inches. 


inches. 


inches. 


Januraiy - ■ - 


— 


1 


— 


February - - ■ 


— 


— 


— 


March - - - - 


• — 


— 


0.33 


April - - - - 


3.82 


3 44 


3.19 


May - - - - 


8 0-2 


8.03 


6 40 


June - - - - 


4.10 


5 35 


11.21 


July 


7.34 


4 32 


11.52 


August - - - 


11.27 


7.80 


13.63 


September - - 


7.58 


8 38 


[17.61] 


October - - - - 


0.39 


0.50 


4.10 


November - - - 


— 


2.04 


2 17 


December - - - 


— 


— 


0.60 


Total per year 


42.52 


39.86 


70 76 



PRINTING ERRORS. 



Page. 

2 

3 ■ 

3 ■ 

14 

19 

19 

41 

46 

46 

51 

52 

58 

59 

70 

72 

73 

76 

77 

87 

87 

88 

93 

93 

95 
109 
117 
124 
127 
,127 
133 
135 
143 
144 





Line. 
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» 
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7 


j> 
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» 


» 


16 


n 
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» 


12 


» 


w 


15 


» 


below 


1 


M 


« 


3 


» 


above 


16 


» 


below 


4 


n 


)j 


11 


ir 


n 


9 


») 


above 


14 


J9 


» 



-2^''»'or. Correction. 

Swankulok riverd - - Savankulok rivers 

members numbers 

fairly a unifoun - - fairly uniform 

Govenment .... Government 

of .... . . ( Q^if ) 

only 3 only in 8 

lowes lowest 

well an - - - well as 

between main - - - between the main 

conduct conduit 

water ( omit ) 

then than 

of land of the land 

canal canals 

decates decades 

Nan Nam 

east ...... least 

a peesent at present 

canals canal 

canals canal 

rivers river 

over over a 

embankment . - . - embankments 

fields the fields 

fo of 

8040 3840 

requireq required 

hower however 

them then 

regard and regard to 

with in within 

commences - . - - ( omit ) 

is in 



-JMQYiiS Ojr £XPLAj\JA-rJOj\J 



~~~ Main Canals . 

Dislribul-aries . 

— Exishing Channels Fo be used as Main 

Canals . 
"*~ Railways . 



1 1 1 1 1 1 



->Railwa3/s under ConslrucHon . 



=^^^ Rivers 



= Exishing Klongs . 
J5w.^^v'^'s,<55^. Area under command . 

6-5 Heighhs above Ebb level of l^he Sea 
in Mehres . 






ija:iM^?g:?jg^?:«^.''>x,/:A'g 



